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PREFACE 

TO THE SIXTH ENGLISH EDITION. 



The following work, of which a new impression has for some 
time past been demanded by the public, though progressively en- 
larged in bulk, has undergone little change as to its distinguishing 
plan and objects. The increase of matter, which, in the present 
edition, is so considerable as to render the former title no longer 
eligible, bears only a due proportion to the progress of chemical 
philosophy during the two last years ; a progress unexampled in 
the history of the science, not only for the number and novelty of 
discoveries, but for the importance of the generalizations to which 
they have led. 

In the first part of the book, I have still limited myself to an 
assemblage of those facts, which are be,t adapted to convey a 
knowledge of the elements of chemistry, connected however by a 
more ample discussion of its general doctrines, and especially by a 
fuller explanation of the laws of affinity ; of the principles of the 
reformed nomenclature ; and of that new department of science, 
which has been created by the genius and industry of Mr. Davy. 
A more complete and systematic view of the subject, besides be- 
ing incompatible with the design of an elementary treatise, appears 
to me to be rendered unnecessary by several excellent works, of 
which our language may already boast. The plan of arrangement 
(the same which I have followed from the first) though perhaps 
not suited to the maturity of chemical science, is sufficiently adapt- 
ed to its present state ; because it admits of being readily accom- 
modated to newly discovered facts, or to future modifications of 
theory. 

In the second part, I have detailed the most simple and easy 
methods of analyzing mineral waters, and mineral bodies in gen- 
eral. With few exceptions, I have had occasion to verify, by my 
own experience, the practical directions which are given through- 
out the work ; and in those instances, where I have not described 
facts or processes from my own knowledge, I trust that long estab- 
lished habits of observing chemical phenomena have qualified me 
to select, from different authorities, those which are most entitled 
to confidence. 
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The appendix contains an account of the discoveries, which 
have been announced while the work was passing through the 
press ; and in a Postscript, which will be found at the close of the 
second volume, I have been enabled, by the obliging communica- 
tion of Mr. Davy, to give an abstract of the last paper which he 
has read before the Royal Society. The tables, to which I have 
added a few new ones, will be found useful both by the speculative 
and practical chemist. A ninth plate is annexed to this edition ; 
and the series, I believe, now comprehends every article of appara- 
tus, that is essential to the pursuit of experimental chemistry. 
They have been engraved by Mr. Lowry with his usual accuracy 
and elegance, from sketches* made for the purpose in the ortho- 
graphic manner, which appears to me to exhibit chemical instru- 
ments much better than the common mode of drawing in perspec- 
tive. Being executed, also, to a scale, which is placed at the bot- 
tomjaf each plate, a workman is enabled to construct what is rep- 
resented, much more easily and accurately, than from any verbal 
description or perspective figure. 

* For these sketches I am indebted to my friends Mr. Ewart of Man 
Chester, and Messrs. Creighton, of Soho, near Birmingham. 
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INTRODUCTION.* 



It has so long been a custom to preface a course of lectures 
with the history of the science which is their subject, that it may- 
be necessary to state, briefly, the reasons that have induced me to 
depart from this established usage. 

The history of chemistry may either be merely a history of the 
science, that is, a view of the progressive development of the 
facts and doctrines of which the science is composed ; or it may 
comprehend, also, the biography of chemists. The detail of the 
progress of discovery, however, concerning particular objects 
of chemical research, would certainly be premature, at a period, 
when the student may be supposed to be ignorant of the exter- 
nal forms, and even of the existence, of no inconsiderable part of 
them. Respecting chemists themselves, little can be said that 
can contribute to information or amusement ; for their lives, de- 
voted to the abstract pursuits of science, have seldom been pro- 
ductive of events, that are suited to awaken or gratify general cu- 
riosity. Our interest, indeed, respecting philosophers, is seldom 
excited, unless by a knowledge of the additions which they have 
made to the facts or theories of a science ; and with these a lectur- 
er may fairly presume, however the fact may really be, that his 
hearers, at the commencement of a course, are wholly unac- 
quainted. On these grounds, therefore, I hope to be excused for 

* The following discourse formed, originally, the introduction to a 
series of lectures delivered in Manchester, and was afterwards published 
under the title of " A General View of the Nature and Objects of Chemis- 
try, and of its Application to Ai-ts and Manufactures." As the readers of 
an elementary book may be presumed to require a similar plan of instruc- 
tion, with the hearers of a popular course of lectured, I have thought it 
unnecessary to alter the form under which the essay fust appeared, 
though a few passages are applicable chiefly to the persons to whom it 
was originally addressed. 
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devoting- to other purposes the time, that would have been allot- 
ted to the history of the science. For this, will be substituted a 
brief view of the nature and objects of chemistry ; of its connex- 
ion with the arts and with other sciences ; and an outline of the 
plan on which the following lectures will be conducted. 

Natural philosophy, in its most extensive sense, is a term com- 
prehending every science, that has for its objects the properties 
and affections of matter. But it has attained, by the sanction of 
common language, a more limited signification ; and chemistry, 
though strictly a branch of natural philosophy, is generally re- 
garded as a distinct science. Between the two it may, perhaps, 
be difficult to mark out precisely the line of separation : but, an 
obvious character of the facts of natural philosophy is, that they 
are always attended with sensible motion ; and the determination 
of the laws of motion is peculiarly the office of its cultivators. 
Chemical changes, on the other hand, of the most important kind, 
often take place without any apparent motion, either of the mass, 
or of its minute parts ; and where the eye is unable to perceive 
that any change has occurred. The laws of gravitation, of cen- 
tral forces, and all the other powers that fall under the cognizance 
of the natural philosopher, produce, at most, only a change of 
place in the bedies that obey their influence. But, in chemical 
changes, we may always observe an important difference in the 
properties of things : their appearances and qualities are com- 
pletely altered, and their individuality destroyed. Thus, two 
highly corrosive substances, by uniting chemically together, may 
become mild and harmless ; the combination of two colourless 
substances may present us with a compound of brilliant complex- 
ion ; and the union of two fluids, with a compact and solid mass. 

Chemistry, therefore, may be defined, that science, the object 
of which is to discover and explain the changes of composition 
that occur among the integrant and constituent parts of different 
bodies.* 

From this definition, it may readily be conceived, how wide 
is the range of chemical inquiry ; and by applying it to the vari- 
ous events that daily occur in the order of nature, we shall be en- 
abled to separate^hem with accuracy, and to allot, to the sciences 

* The reader, who wishes to examine other definitions of chemistry, 
will find a variety of them, collected by Dr. Black, in the first volume of 
his " Lectures ." 
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of natural philosophy and chemistry, the proper objects of the 
cultivation of each. Whenever a change of place is a necessary 
part of any event, we shall call in the aid of the former. When 
this condition may be dispensed with, we shall resort to chemis- 
try for the light of its principles. But it will be often found, that 
the concurrence of the two sciences is essential to the full expla- 
nation of phenomena. The water of the ocean, for example, is 
raised into the atmosphere by its chemical combination with the 
matter of heat ; but the clouds that are thus formed, maintain 
their elevated situation by virtue of a specific gravity inferior to 
that of the lower regions of the air, — a law, the discovery and ap- 
plication of which are d\ie to the natural philosopher, strictly SO 
called. 

It has not been unusual to consider chemistry, under the two- 
fold view of a science and of an art This arrangement, howev- 
er, appears to have had its origin in an imperfect discrimination 
between two objects, that are essentially distinct. Science Con- 
sists of assemblages of facts, associated together in classes, accor- 
ding to circumstances of resemblance or analogy. The business 
of its cultivators is, first to investigate and establish individual 
truths, either by the careful observation of natural appearances, 
or of new and artificial combinations of phenomena produced by 
the instruments of experiment. The next step is the induction, 
from well ascertained facts, of general principles or laws, more 
or less comprehensive in their extent, and serving like the class- 
es and orders of natural history, the purposes of an artificial 
arrangement. Of such a body of facts and doctrines, the science 
of chemistry is composed. But the employment of the artist con- 
sists merely in producing a given effect, for the most part by the 
sole guidance of practice or experience. In the repetition of pro- 
cesses, he has only to follow an established rule ; and in the im- 
provement of his art, he is benefitted generally by fortuitous com- 
binations, to which he has not been directed by any general ax- 
iom. An artist, indeed, of enlarged and enlightened mind, may 
avail himself of general principles, and may employ them as an 
useful instrument in perfecting established operations : but the 
art and the science are still marked by a distinct boundary. In 
such hands, they are auxiliaries to each other ; the one contribu- 
ting a valuable accession of facts ; and the other, in return, im- 
parting fixed and comprehensive principles, which simplify the 
processes of art, and direct to new and important practices. 
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The possession of the general principles of chemistry enables 
us to comprehend the mutual relation of a great variety of events, 
that form a part of the established course of nature. It unfolds 
the most sublime views of the beauty and harmony of the uni- 
verse ; and developes a plan of vast extent, and of uninterrupted 
order, which could have been conceived only by perfect wisdom, 
and executed by unbounded power. By withdrawing the mind, 
also, from pursuits and amusements that excite the imagination, 
its investigations may tend, in common with the rest of the physic- 
al sciences, to the improvement of our intellectual and moral hab- 
its ; to strengthen the faculty of patient and accurate thinking ; 
and to substitute placid trains of feeling, for those which are too 
apt to be awakened by the contending interests of men in society, 
or the imperfect government of our own passions. 

The class of natural events, that call for the explanation of 
chemical science, is of very considerable extent ; and the natural 
philosopher (using this term in its common acceptation) is wholly 
incompetent to unfold their connexion. He may explain, for ex- 
ample, on the principles of his own science, the annual and diur- 
nal revolutions of the Earth, and part of the train of consequences 
depending on these rotations. But here he must stop ; and the 
chemist must trace the effects, on the Earth's surface, of the ca- 
loric and light derived from the sun ; the absorption of caloric by 
the various bodies on which it falls ; the consequent fluidity of 
some, and volatilization of others ; the production of clouds, and 
their condensation in the form of rain ; and the effects of this rain, 
as well as of the sun's heat, on the animal, vegetable, and mineral 
kingdoms. In these minuter changes, we shall find, there is not 
less excellence of contrivance, than in the stupendous movements 
of the planetary system. And they interest us even more nearly ; 
because though not more connected with our existence or com- 
fort, yet they are more within our sphere of observation ; and an 
acquaintance with their laws admits of a more direct application 
to human affairs. 

There is another branch of knowledge, (that of natural histo- 
ry), which is materially advanced by the application of chemical 
science. The classifications of the naturalist are derived from 
an examination and comparison of the external forms, both of ani- 
mate and inanimate bodies. He distributes the whole range of 
nature into three great and comprehensive kingdoms, — the ani- 
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mal, the vegetable, and the mineral. Each of these, again, is sub- 
divided into several less extensive classes ; and individual objects 
are referred to their place in the system, by the agreement of their 
characters, with those assigned to the class, order, and genus. 
In the different departments of natural history, these resemblances 
vary in distinctness, in facility of observation, and in certainty of 
description. Thus, the number and disposition of the parts of 
fructification in vegetables afford marks of discrimination, which 
arc well defined, and easily ascertained. But minerals, that are 
not possessed of a regularly crystallized form, are distinguished 
by outward qualities that scarcely admit of being accurately con- 
veyed by language ; such as minute shades of colour ; or trifling 
differences of hardness, transparency, &c. To the evidence of 
these loose and varying characters, that of the chemical compo- 
sition of minerals has within the few past years been added ; and 
mineralogy has been advanced, from a confused assemblage of its 
objects, to the dignity of a well methodized and scientific system. 
In the example of crystalized bodies, the correspondence between 
external form and chemical composition, has been most success- 
fully traced by the genius of Haiiy ; whose method of investiga- 
tion has enabled him, in numerous instances, to anticipate, from 
physical characters, the results of the most skilful and laborious 
analysis. 

It is unnecessary to pursue this part of the subject to a great- 
er extent ; because, to all who have been in the habit of philoso- 
phical investigation, the connexion between the sciences must be 
sufficiently apparent ; and because there is another ground, on 
which chemistry is more likely to claim, with success, the respect 
and attention of the great mass of mankind. This is, its capacity 
of ministering to our wants and our luxuries, and of instructing 
us to convert to the ordinary purposes of life, many substances 
which nature presents in a rude and useless form. The extrac- 
tion of metals from their ores ; the convertion of the rudest mate- 
rials into the beautiful fabrics of glass and porcelain ; the produc- 
tion of wine, ardent spirits, and vinegar ; and the dyeing of linen 
and woollen manufactures, — are only a few of the arts that arc de- 
pendent on chemistry for their improvement, and even for their 
sucoessful practice. 

It cannot, however, be denied, that all the arts which hav< 
been mentioned, were practised in times when the rank of clu 
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istry, as a science, was extremely degraded ; and that they are the 
daily employment of unlettered and ignorant men. But to what 
does this confession amount ! and how far does it prove the inde- 
pendence of the above arts on the science of chemistry ? 

The skill of an artist is compounded of knowledge and of 
manual dexterity. The latter, it is obvious, no science can teach. 
But the acquirement of experience, in other words, a talent for 
accurate observation of facts, and the habit of arranging facts in 
the best manner, may be greatly facilitated by the possession of 
scientific principles. Indeed, it is hardly possible for any one to 
frame rules for the practice of a chemical art, or to profit by the 
rules of others, who is unacquainted with the general doctrines of 
the science. For, in all rules, it is implied, that the promised ef- 
fect will only take place, when circumstances are precisely the 
same as in the case under which the rule was formed. To en- 
sure an unerring uniformity of result, the substances, employed in 
chemical processes, must be of uniform composition and excel- 
lence ; or, when it is not possible to obtain them thus unvaried 
the artist should be able to judge precisely of the defect, that he 
may proportion his agents according to their qualities. Were 
chemical knowledge more generally possessed, we should hear 
less of failures and disappointments in chemical operations ; and 
the artist would commence his proceedings, not, as at present, 
with distrust and uncertainty, but with a well grounrWl expecta- 
tion of success. 

It will scarcely be contended, that any one of the arts has 
hitherto attained the extent of its possible perfection. In all, 
there is yet a wide scope for improvement, and an extensive 
range for ingenuity and invention. But from what class of men 
are ivc to expect useful discoveries ? Are we to trust, as hither- 
to, to the favour of chance and accident ; to the fortuitous success 
of those who arc not guided in their experiments by any general 
principles ? Or shall we not rather endeavour to inform the artist, 
and to induce him to substitute, for vague and random conjec- 
ture, the torch of induction and of rational analogy ? In the pres- 
ent imperfect state of his knowledge, the artist is even unable ful- 
ly to avail himself of those fortunate accidents, by which inprove- 
ments sometimes occur in his processes ; because, to the eye of 
common observation, he may have acted agreeably to established 
yules, and have varied in circumstances which he can neither 
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perceive nor appreciate. The man of science, in these instances, 
sees more deeply, and by availing himself of a minute and acci- 
dental difference, contributes at once to the promotion of his own 
interest, and to the advancement of his art. 

But it is the union of theory with practice that is now recom- 
mended. And, " when theoretical knowledge and practical skill 
are happily combined in the same person, the intellectual power 
cf man appears in its full perfection, and fits him equally to con- 
duct, with a masterly hand, the details of ordinary business, and 
to contend successfully with the untried difficulties of new and 
perplexing situations. In conducting the former, mere experi- 
ence may frequently be a sufficient guide ; but experience and 
speculation must be combined to prepare us for the latter."* 

" Expert men," says Lord Bacon, " can execute and judge of 
particulars one by one ; but the general counsels, and the plots, 
and the marshalling of affairs, come best from those that art- 
learned. " 

This recommendation to artists, of the acquirement of scien- 
tific knowledge, is happily sanctioned by the illustrious success* 
in our own days, of the application of theory to the practice of cer- 
tain arts. Few persons are ignorant of the benefits, that have re- 
sulted to the manufactures of this country, from the inventions of 
Mr. Watt and Mr. Wedgwood ; both of whom have been not less 
benefactors of philosophy than eminent for practical skill. The 
former, by a clear insight into the doctrine of latent heat, resulting, 
in a great measure, from his own acuteness and patience of in- 
vestigation, and seconded by an unusual share of mechanical skill, 
has perhaps brought the steam-engine to its acme of perfection. 
Mr. Wedgwood, aided by the possession of extensive chemical 
knowledge, made rapid advances in the improvement of the art of 
manufacturing porcelain ; and, besides raising himself to great 
opulence and distinction, has created for his country a source of 
most profitable and extensive industry. In an art, also, which is 
nearly connected with the manufactures of our own town, and the 
improvement of which must, therefore, " come home to our bu- 
siness and bosoms," we owe unspeakable obligations to two spec- 
ulative chemists — to Scheele, who first discovered the oxygenized 
muriatic acid : and to Berthollet, who first instructed us in its ap- 
plication to the art of bleaching. 

* Stewart's Elements of the Philosophy of the Human Mind) chap, iv 
fcct.7. 
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Examples, however, may be urged against indulgence in the- 
ory ; and instances are not wanting, in which the love of specula- 
tive refinement has withdrawn men entirely from the straight path 
of useful industry, and led them on gradually to the ruin of their 
fortunes. But from such instances, it would be unfair to reduce 
a general condemnation of theoretical knowledge. It would be 
the common error of arguing against things that are useful, from 
their occasional abuse. — In truth, projects which have, for their 
foundation, a dependence on chemical principles, may be underta- 
ken with a more rational confidence, than such as have in view the 
accomplishment of mechanical purposes ; because, in chemistry, 
we are better able, than in mechanics to predict, from an experi- 
ment on a small scale, the probable issue of more extensive at- 
tempts. No one, from the successful trial of a small machine 
can affirm, with unerring certainty, that the same success will at- 
tend one on a greatly enlarged plan ; because the amount of the 
resistances, that are opposed to motion, increases often in a ratio 
greater than, from theory, could ever have been foreseen : but the 
same law, by which the mineral alkali is extracted from a pound 
of common salt, must equally operate on a thousand times the 
quantity ; and, even when we augment our proportions in this im- 
mense degree, the chemical affinities, by which so large a mass 
is decomposed* are exerted only between very small particles. 
The failures of the mechanic, therefore, arise from the nature of 
things ; they occur, because he has not in his power the means of 
foreseeing and calculating the causes that produce them. But, 
if the chemist fail in perfecting an economical scheme on a large 
scale, it is either because he has not sufficiently ascertained his 
facts on a small one, or has rashly embarked in extensive specu- 
lations, without having previously ensured the accuracy of his es- 
timates. 

The benefits which we are entitled to expect, from the efforts 
-of the artist and the man of science, united in one person, and at 
the same time tempered and directed by prudential wisdom, affect 
not only individual but national prosperity. To the support of its 
distinction, as a commercial nation, this country is to look for the 
permanency of its riches, its power, and, perhaps, even of its lib- 
erties ; and this preeminence is to be maintained, not only by lo- 
cal advantages, but on the more certain ground of superiority in 
the productions of its arts. Impressed with a full conviction of 
this influence of the sciences, a neighbouring and rival people of- 
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fer the most public and respectful incitements to the application 
of theory in the improvement of the chemical arts ; and, with the 
view of promoting this object, national institutions have been 
formed among them, which have been already, in several instan- 
ces, attended with the most encouraging success. It may be 
sufficient, at present, to mention, as an example, that France, dur- 
ing a long war, supplied from her own native resources, her enor- 
mous, and, perhaps, unequalled consumption of nitre. 

The general uses of chemistry have been thus fully enlarged 
upon, because it is a conviction of the utility of the science, that 
can alone recommend it to attentive and persevering study. It 
may now be proper to point out, in detail, a few of its more strik- 
ing applications. [See note 1 at the end of this vol.] 

I. The art which is, of all others, the most interesting, from 
its subserviency to wants that are interwoven with our nature, is 
agriculture, or the art of obtaining, fiom the earth, the larg- 
est crops of useful vegetables at the smallest expense. 

The vegetable kingdom agrees with the animal one, in the 
possession of a living principle. Every individual of this king- 
dom is regularly organized, and requires for its support an un- 
ceasing supply of food, which is converted, as in the animal body, 
into substances of various foi'ms and qualities. Each plant has its 
periods of growth, health, disease, decay and death ; and is af- 
fected, in most of these particulars, by the varying condition of ex- 
ternal circumstances. A perfect state of agricultural knowledge 
would require, therefore, not only a minute acquaintance with the 
structure and economy of vegetables, but with the nature and ef- 
fects of the great variety of external agents, that contribute to 
their nutriment, or influence their state of health and vigour. It 
can hardly be expected, that the former attainment will ever be 
generally made by practical farmers ; and it is in bringing the 
agriculturist acquainted with the precise composition of soils and 
manures, that chemistry promises the most solid advantages. 
Indeed, any knowledge that can be acquired on this subject, with- 
out the aid of chemistry, must be vague and indistinct, and can 
neither enable its possessor to produce an intended effect with cer- 
tainty, nor be communicated to others in language sufficiently 
intelligible. Thus we are told, by Mr. Arthur Young, that in 
some parts of England, any loose clay is called marl, in others 
marl is called chalk, and in others clay is called loam. From so 

Vol. I. 3 
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confused an application of terms, all general benefits of experience 
in agriculture must be greatly limited. 

Chemistry may, to agriculturists, become a universal language 
in which the facts, that are observed in this art, may be so cloth- 
ed, as to be intelligible to all ages and nations. It would be desir- 
able, for example, when a writer speaks of clay, loam, or marl, 
that he should explain Ins conception of these terms, by stating 
the chemical composition of each substance expressed by them. 
For all the variety of soils and manures, and all the diversified 
productions of the vegetable kingdom, are capable of being re- 
solved, by chemical analysis, into a small number of elementary in- 
gredients. The formation of a well defined language, expressing 
the proportion of these elements in the various soils and manures, 
now so vaguely characterized, would give an accuracy and precis- 
ion, hitherto unknown, to the experience of the tillers of the earth. 

It has been said, by those who contend for pure empiricism in 
the art of agriculture, that it has remained stationary, notwith- 
standing all improvements in the sciences, for more than two thou- 
sand years. " To refute this assertion," says Mr. Kirwan, " we 
need only compare the writings of Cato, Columella, or Pliny, with 
many modern tracts, or, still better, with the modern practice of 
our best farmers." — "Jf the exact connexion of effects with their 
causes," he adds, " has not been so fully and extensively traced 
in this as in other subjects, we must attribute it to the peculiar 
difficulty of the investigation. In other subjects, exposed to the 
joint operation of many causes, the effect of each, singly and ex- 
clusively taken, may be particularly examined, and the experi- 
menter may work in his laboratory, with the object always in his 
view. But the secret processes of vegetation take place in the 
dark, exposed to the various and indeterminable influences of the 
atmosphere, and require, at least, half a year for their completion. 
Hence the difficulty of determining on what peculiar circumstan- 
ces success or failure depends ; for the diversified experience of 
many years alone can afford a rational foundation for solid, speci- 
fic conclusions."* 

II. To those who study medicine as a branch of general 
science, or with the more important view of practical utility, che- 
mistry may be recommended with peculiar force and propriety. — 
The animal body may be regarded as a living machine, obeying 

* See Kirwan on Manures. 
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the same laws of motion as are daily exemplified in the produc- 
tions of human art. The arteries are long, flexible, and elastic 
canals, admitting, in some measure, the application of the doctrine 
of hydraulics ; and the muscles are so many levers, of precisely 
the same effect with those which are employed to gam power in 
mechanical contrivances. But there is another view, in which, 
with equal justice, the living body may be contemplated. It is a 
laboratory, in which are constantly going forward processes of va- 
rious kinds, dependent on the operation of chemical affinities- 
The conversion of the various kinds of food into blood, a fluid of 
comparatively uniform composition and qualities; the production 
of animal heat by the action of the air on that fluid, as it passes 
through the lungs ; and the changes, which the blood afterwards 
undergoes in its course through the body, — are all, exclusively, 
subjects of chemical inquiry. To these, and many other questions 
of phy.siology, chemistry has of late years been applied with the 
most encouraging success ; and it is to a long continued prosecu- 
tion of the same plan, that we are to look for a system of physiolo- 
gical science, which shall derive new vigour and lustre from the 
passing series of years. 

It must be acknowledged, however, as has been observed by 
Mr. Davy,* that " the connexion of chemistry with physiology has 
given rise to some visionary and seductive theories ; yet even this 
circumstance has been useful to the public mind, in exciting it 
by doubt, and in leading it to new investigations. A reproach, to 
a certain degree just, has been thrown upon those doctrines known 
by the name of the chemical physiology ; for in the applications 
of them, speculative philosophers have been guided rather by the 
analogies of words than of facts. Instead of endeavouring slow- 
ly to lift up the veil, which conceals the wonderful phenomena of 
living nature ; full of ardent imaginations, they have vainly and 
presumptuously attempted to tear it asunder." 

III. There is an extensive class of arts, forming, when view- 
ed collectively, a great part of the objects of human industry, 
which do not, on a loose and hasty observation, present any gener- 
al principle of dependency or connexion. But they appear thus 
disunited, because we have been accustomed to attend only to the 
productions of these arts, which are, in truth, subservient to wide- 

* In his excellent " Discourse, Introductory to a Course of Lectures,"' 
Sec. London. Johnson. 1802. 
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ly different purposes. Who would conceive, for instance, that 
iron and common salt ; the one a metal, the use of which results 
from its hardness, ductility, and malleability ; the other a sub- 
stance, chiefly valuable from its acting as a preservative and sea- 
soner of food, — are furnished by arts alike dependent on the gen- 
eral principles of chemistry ? The application of science, in dis- 
covering the principles of these arts, contributes what has been 
termed economical chemistry ; amongst the numerous ob- 
jects of which, the following stand most distinguished : 

1st. Metallurgy, or the art of extracting metals from their 
ores, comprehending that of Assaying, by which we are enabled 
to judge, from the composition of a small portion, of the propriety 
of working large and extensive strata. To the metallurgist, also, 
belong the various modifications of the metals when obtained, and 
the union of them together, in different proportions, so as to af- 
ford compounds adapted to particular uses. — Throughout the 
whole of this art, much practical knowledge may be suggested 
by attention to the general doctrines of chemistry. The artist 
may receive useful hints, respecting the construction of furnaces 
for the fusion of ores and metals ; the employment of the proper 
fluxes ; the utility of the admission or exclusion of air ; and the 
conversion of the refuse of his several operations to useful pur- 
poses. When the metals have been separated from their ores, 
they are to be again subjected to various chemical processes. 
Cast or pig iron is to be changed into the forms of wrought or 
malleable iron and of steel. Copper, by combination with zinc or 
tin, affords the various compounds of brass, pinchbeck, bell-met- 
al, gun-metal, &c. Even the art of printing owes something of 
its present unexampled perfection to the improvement of the m'et- 
al of types. 

2d. Chemistry is the foundation of those arts that furnish us 
with saline substances, an order of bodies highly useful in the bu- 
sinesses of common life. Among these, the most conspicuous 
are, sugar in all its various forms ; the vegetable and mineral 
alkalis, known in commerce by the names of potash, pcarlash, 
and barilla ; common salt ; green and blue vitriol, and alum ; ni- 
tre or saltpetre ; sugar of lead ; borax ; and a long catalogue, 
which it is needless to extend farther. 

3d. The manufacturer of glass, and of various kinds of flat- 
tery and porcelain, should be thoroughly acquainted with the na- 
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ture of the substances he employs : with their fusibility, as affect- 
ed by difference of proportion, or by the admixture of foreign in- 
gredients ; with the means of regulating and measuring high de- 
grees of heat ; with the principles on which depend the hardness 
of his products, and their fitness for bearing the vicissitudes of 
heat and cold ; and with the chemical properties of the best adapt- 
ed colours and glazings.' — .Even the humble art of making bricks 
and tiles has received, from the chemical knowledge of Bergman, 
the addition of several interesting facts. 

4th. The preparation of various kinds of fermented liquors, of 
wine, and ardent spirits, is intimately connected with chemical 
principles. Malting, the first step in the production of some of 
these liquors, consists in the conversion of part of the grain into sac- 
charine matter, essential in most instances to the success of the 
fermentative change. To acquire a precise acquaintance with the 
circumstances, that favour or retard the process of fermentation, 
no small share of chemical knowledge is required. The brewer 
should be able to ascertain, and to regulate exactly, the strength 
of his infusions, which will vary greatly when he has seeming y 
followed the same routine. He should be aware of the influence 
of minute changes of temperature in retarding or advancing fer- 
mentation ; of the means of promoting it by proper ferments ; 
and of the influence of the presence or exclusion of atmospherical 
air. A complete acquaintance with the chemical principles of 
his art, can hardly fail to afford him essential aid in its practice. 

The production of ardent spirits is only a sequel of the vinous 
fermentation, and is, therefore, alike dependent on the doctrines of 
chemistry. 

5th. The arts of bleaching, dijcing, and printing, arc through- 
out, a tissue of chemical operations. It is not unusual to hear the 
new mode of bleaching distinguished by the appellation of the 
chemical method ; but it is, in truth, not more dependent on the 
principles of this science, than the one which it has superseded, 
nor than the kindred arts of dyeing and printing. In the instance 
of blcaohing, the obligation due to the speculative chemist is 
universally felt and acknowledged. But the dyer and the printer 
have yet to receive from the philosopher some splendid invention, 
which shall command their respect, and excite their attention to 
chemical science. From purely speculative men, however, much 
less is to be expected, than from men of enlightened experience, 
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who endeavour to discover the design and reason of each step in 
the processes of their arts, and fit themselves for more effectual 
observation of particular facts, by diligently possessing themselves 
of general truths. 

The objects of inquiry, that present themselves to the dyer 
and printer, are of considerable number and importance. 
The preparation of goods for the reception of colouring matter ; 
the application of the best bases, or means of fixing fugitive col- 
ours ; the improvement of colouring ingredients themselves ; and 
the means of rendering them permanent, so that they shall not be 
affected by soap or by the accidental contact of acids or other cor- 
rosive bodies ; arc among the subjects of chemical investigation. 
It is the business of the dyer, therefore, to become a chemist; 
and he may be assured that, even if no brilliant discovery should 
be the reward of the acquisition, he will yet be better fitted by it 
for conducting common operations, with certain and universal suc- 
cess. 

6th. The tanning and preparation of leather are processes 
strictly chemical, which were involved in mystery, till they were 
reduced to well established principles, by the researches of Se- 
guin, and by the subsequent experiments of Davy. In this, as in 
most other examples, the application of science to the practical 
improvement of an art, has to encounter the obstacles of ignorance 
and prejudice. But the interests of men are sure finally to pre- 
vail ; and the most bigotted attachment to established forms must 
give place to the cleaVly demonstrated utility of new practices. 
Such a demonstration is generally furnished by some artist of 
more enlightened views than his neighbours, who has the spirit to 
deviate from ordinary rules ; and thus becomes (not unfrequently 
with some personal sacrifice) a model for the imitation of others, 
and an important benefactor of mankind. 

Many other chemical arts might be enumerated ; but enough, 
I trust, has been said, to evince the connexion between practical 
skill and the possession of scientific knowledge. I shall now 
proceed to develop the plan, on which the following course of 
instruction will be conducted. 

There arc two methods of delivering the general doctrines of 
chemistry, and the facts connected with them. The one consists 
in a historical detail of the gradual progress of the science ; and, 
^n pursuing this plan, we follow the natural progress of the human 
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mind, ascending from particular facts to the establishment of gen- 
eral truths. But as trong objection to its adoption is, that we are 
thus led into a minuteness of detail, which is ill suited to the plan 
of elementary instruction. In the other mode of arrangement, 
we neglect wholly the order of time in which facts were discov- 
ered, and class them under general divisions so framed as to as- 
sist the mind in apprehending and retaining the almost infinite 
variety of particular truths. 

In a classification of the objects of chemistry, we may either 
begin with those substances, which are deemed to be simple, and 
proceed gradually to the more complicated"; — or we may take 
bodies, as they are usually presented to us, and arrange them ac- 
cording to the resemblance s of their external characters ; making 
the development of their composition a subordinate part of the 
plan. To the former, or synthetic method, there is this strong ob- 
jection, — that as we are probably still very remote from a knowl- 
edge of the true elements of matter, it must be liable, in the prog- 
ress of science, to frequent and fundamental changes. It has 
been found necessary, for example, in consequence of Mr. Da- 
vy's discoveries, to remove the earths from the class of simple 
to that of compound bodies. Besides, it may be urged, where 
are we to place those substances, which ha\te hitherto resisted all 
attempts at their analysis, and yet have a close resemblance, in 
natural characters, to the bodies with which they are now associ- 
ated ? Thus the muriatic acid can, with no propriety, be remov- 
ed from the class of acids to that of simple bodies. For these rea- 
sons it appears to me, that one arrangement is preferable to another, 
on no other ground, than as it is better adapted for communicating 
a knowledge of the subject ; for all must be equally remote from 
that perfection, which cannot be attained, till the science of chem- 
istry is no longer capable of improvement. 

The order, which I have adopted as most eligible, is to com- 
mence with those facts, which lead most directly to the establish- 
ment of general principles. Attraction or affinity, as the great 
cause of all chemical changes, and as admitting of illustration by- 
phenomena that are sufficiently familiar, has a primary claim to 
consideration. Next to that of attraction, the influence of Heat, 
over the forms and properties of bodies, is the most generally ob- 
served fact ; and as heat is a power, which is constantly opposed 
to that of affinity, there is the more propriety in contrasting tl 
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operation. With heat, Light also, as a repulsive agent, is fre- 
quently associated; and electricity belongs to the same class >qf 
powers. But as the action of electricity consists, chiefly, in effect- 
ing the disunion of chemical compounds, I have removed it from 
that place in the system, which seems naturally to belong to it. 
For before we can understand the general laws of electro-chemic- 
al agency, it is necessary to know something of oxygen and a few 
of the inflammable bodies ; nor can the theory of the excitation of 
galvanic electricity be made at all intelligible, without this previ- 
ous knowledge. 

The phenomena of heat, and the laws deduced from them, 
conduct us naturally to the great source of that fluid, which will 
be traced to a class of bodies agreeing, in mechanical properties, 
with the air of our atmosphere, and called airs or gases. These 
gases, Ave shall find, consist partly of gravitating matter, and 
partly of an extremely subtile fluid, which impresses on our or- 
gans the sensation of heat, and is called caloric* When the pon- 
derable ingredients, usually called the bases, of these gases, com- 
bine together, or with other bodies, caloric is given out and new 
compounds are generated. It is on the possession or absence 
of the property of decomposing one of them, oxygen gas, that a 
comprehensive division has been made of bodies into combustible 
and incombustible. The latter, however, it appears probable, are 
such, only in consequence of being already combined with oxygen. 
Hence we might divide all the variety of substances into oxygen 
and inflammable matter ; and of these, the last mentioned, it ap- 
pears not improbable from Mr. Davy's discoveries, will turn out 
to be universally metallic. 

The next class of bodies, that claim our attention, includes 
those compounds, which are formed cither by the union of the sim- 
ple gases or of their bases. Thus oxygen and nitrogen gases 
compose atmospheric air; and hydrogen and oxygen water. Ni- 
trogen and hydrogen, by their union, afford ammonia ; and with 
this fluid the fixed alkalis are naturally associated. The detail of 
properties belonging to the alkalis and earths, is, indeed, a neces- 
sary preliminary to that of the acids, the most important quality 
of which is, that they constitute, with the alkalis and earths, the 
extensive class of neutral salts. The consideration of the bases 
of the alkalis and earths has been made to follow that of the bod- 

• Light and electricity are probably, also, constituents of the gases. 
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ies themselves, because these bases are the products of refined 
and complicated operations, which could scarcely have been oth- 
erwise understood. The fixed alkalis, also, precede the volatile 
one, on account of the singular effects of potassium on ammonia. 
The next class of compounds is that of acids. With each 
of these I have connected the history of its base, when known ; 
for as several of these bodies (sulphur and phosphorus for in- 
stance) have lost, in consequence of Mr. Davy's discoveries, their 
title to be considered as elementary, it becomes merely a question 
of convenience where they should be placed. In treating of the 
acids, their relation will be traced to those bodies only which have 
already been described ; for it would be unreasonable to detail 
their action on metals, till that class of substances has been speci- 
fically discussed. 

Having dismissed the consideration of such elementary bodies 
as are distinguished by affording acids when combined with oxy- 
gen, of the properties of acids thus generated, and of the com- 
pounds afforded by the union of acids with alkalis ; an important 
division of elementary substances will next claim our attention, 
viz. the metals. 

This class of bodies, it is usual to introduce at a much earlier 
period : but I have adopted a different order, from the considera- 
tion, that, with the previous knowledge of the constitution and qual- 
ities of acids, the history of the metals may be made much more 
complete ; and, especially, that all the various modes and phe- 
nomena of their combinations with oxygen may be more distinct- 
ly explained. The more complex productions of the vegetable 
and animal kingdoms Avill be the last step in our progress through 
the science. 

For the exclusive adoption of the new doctrines of chemistry, 
and of the nomenclature connected with them, no apology is nec- 
essary. Every one, who will be at the pains of attentively com- 
paring the new with the old theory, I can venture to predict, will 
prefer the lucid arrangements and precision of the former, to the 
confused order and illogical inferences of the advocates of phlo- 
giston. From those who have been in the habit of teaching chem- 
istry, both before and since the revolution in this science, we have 
the strongest testimony, that the labour of acquiring a knowledge 
of it is diminished beyond all comparison. — •" I have adopted the 
Vol. I. A. 
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new nomenclature," says Mr. Chaptal, " in my lectures and -writ- 
ings, and I have not failed to perceive how very advantageous it 
is to the teacher ; how much it relieves the memory ; how great- 
ly it tends to produce a taste for chemistry ; and with what facili- 
ty and precision the ideas and principles concerning the nature of 
bodies fix themselves in the minds of the auditors." We have 
the approbation, also, of the most distinguished metaphysicians of 
the age, of the connexion of new doctrines with a new and more 
accurate language. « The new nomenclature of chemistry," it 
is observed by Mr. Dugald Stewart, in his Elements of the Phi- 
losophy of the Human Mind, " seems to furnish a striking illus- 
tration of the effect of appropriate and well-defined expressions, 
in aiding the intellectual powers ; and the period is probably not 
far distant, when similar innovations will be attempted in other sci- 
ences 



"* 



These doctrines, and the nomenclature dependent on them, 
have not, it must be acknowledged, been long established ; and 
though the progress of chemistry, during and since their devel- 
opment, has advanced with unexampled rapidity, we should still 
so limit our approbation, as not to esteem them beyond the reach 
of improvement. — For my own part, I adopt them, not from a be- 
lief that they are perfect ; but because they are better adapted 
than any hitherto offered, for explaining and classing phenomena ; 
and with this qualification, I strongly recommend them to gener- 
al acceptance. 

* See also Condorcet's " Esqidsse d'un Tableau Historique dea Progre?- 
de VEsprit ffumain." 
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PART I. 

AN ARRANGED SERIES OF EXPERIMENTS AND PROCESSES TO BE 
PERFORMED BY THE STUDENT OF CHEMISTRY. 



CHAPTER I. 

OF A CHEMICAL LABORATORY AND APPARATUS. 

A chemical laboratory, though extremely useful, and even 
essential, to all who embark extensively in the practice of chem- 
istry, either as an art, or as a branch of liberal knowledge, is by 
no means required for the performance of those simple experi- 
ments, which furnish the evidence of the fundamental truths of 
the science. A room that is well lighted, easily ventilated, and 
destitute of any valuable furniture, is all that is absolutely neces- 
sary for the purpose. It is even advisable, that the construction 
of a regular laboratory should be deferred, till the student has 
made some progress in the science ; for he will then be better 
qualified to accommodate its plan to his own peculiar views and 
convenience. 

It is scarcely possible to offer the plan of a laboratory, which 
will be suitable to every person, and to all situations ; or to sug- 
gest any thing more than a few rules that should be generally ob- 
served. Different apartments are required for the various class- 
es of chemical operations. The principle one may be on the 
ground-floor ; twenty-five feet long, fourteen or sixteen wide, and 
open to the roof, in which there should be contrivances for allow- 
ing the occasional escape of suffocating vapours. This will be 
destined chiefly for containing furnaces, both fixed-and portable. 
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It should be amply furnished with shelves and drawers, and with a 
large table in the centre, the best form of which is that of a dou- 
ble cross. Another apartment may be appropriated to the minut- 
er operations of chemistry ; such as those of precipitation on a 
small scale, the processes that require merely the heat of a lamp, 
and experiments on the gases. In a third, of smaller size, may 
be deposited accurate balances, and other instruments of consid- 
erable nicety, which would be injured by the acid fumes that are 
constantly spread through a laboratory. 

The following are the principal instruments that are required 
in chemical investigations ; but it is impossible, without entering 
into very tedious details, to enumerate all the apparatus that 
bhould be in the possession of a practical chemist. 

I. Furnaces. [See note 2 at the end of this vol.] These 
may be formed either of solid brick-work, or of such materials as 
admit of their removal from place to place. 

The directions generally laid down in elementary books of 
chemistry, for the construction of fixed furnaces, appear to me 
deficient in precision, and buch as a Avorkman would find it diffi- 
cult to put in practice. I have, therefore, given plans and sections, 
in the last two plates, of the various kinds of furnaces : and, in the 
Appendix, minute instructions will be found for erecting them.* 

The furnaces of most general utility are, 1 st, the Wind Fur- 
nace, in which an intense heat is capable of being excited for the 
fusion of metals, &c. In this furnace, the body submitted to the 
action of heat, or the vessel containing it, is placed in contact with 
the burning fuel. Fig. 60 exhibits one of the most common con- 
struction. Fig. 6 1 is tMe section of a wind furnace ; the plan of 
which was obligingly communicated to me by Mr. Knight, of 
Fosterlane, London, to whom, also, I am indebted for that repre- 
sented, fig. 62. The wind furnace of Mr. Chenevix is shown by 
fig. 74. 2dly, The E-vafiorating Furnace is formed of iron plates, 
joined together by rabbiting, and placed over horizontal return- 
ing flues. Figs. 64 and 65, are two views of this furnace, as re- 
commended by Mr. Knight. When evaporation is performed by 
the naked fire, the vessel may be placed on the top of the furnace, 
fig. 60 or 61 ; and when effected through the intervention of a 
water bath, a shallow kettle of water, in which is placed the evap- 
orating dish and its contents, may be set in the same situation, 

• See the description of the 7th and 8th plates in the Appendix. 
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For the purposes of evaporating liquids, and drying precipitates 
on a small scale, at a temperature not exceeding 2 1 2° Fahrenheit, 
a convenient apparatus is represented in plate 10th to the 6th vol. 
of Nicholson's Journal, 8vo. 3dly, The Reverberator]/ Furnace 
is represented by figs. 66, 67, 68. 4thly, The Furnace for 
Distilling by a Sand Heat, is constructed, by setting upon the 
top of the brick-work, fig. 60, the iron pot, fig. 71 ; a door being 
made in the side of the furnace for introducing fuel. Distillation 
by the naked fire is performed with the wind furnace, figs. 62, 
63. 5thly, The Cupelling, or Enamelling Furnace, is shown by 
figs. 69,70. 

Portable furnaces, however, are amply sufficient for all the 
purposes of the chemical student, at the outset of his pursuit. 
The one which I prefer, is that shown by figs. 58 and 59. It was 
originally contrived, I believe, by Mr. Schmeisser ;* and is made, 
with considerable improvements, and sold by Mr. Knight. Its 
size is so small, that it may be set on a table, and the smoke may 
be conveyed by an iron pipe, into the chimney of the apartment. 
In the furnace, as it is usually sold, the chimney, adapted for dis- 
tillation with a sand heat, passes directly through the sand-bath, 
the form of which is necessarily altered, from the common to a 
very inconvenient one. I have found it a great improvement to 
make the aperture for the chimney at k. This allows us to have 
a sand-bath of the usual shape, as shown by fig. 59 ; or even to 
place evaporating dishes, or a small boiler, on the top of the fur- 
nace. The aperture may be closed by a stopper, when we dis- 
pose the furnace as shown by fig. 58. Dr. Black's furnace is gen- 
erally made of a large size ; and is adapted to operations on a 
more considerable scale. (See figs. 72 and 73). Both these 
furnaces are constructed of thin iron plates, and are lined with 
fire clay. They will be minutely described in the references to 
the plates. 

For the purpose of exciting a sudden heat, and of raising it to 
great intensity, nothing can be better adapted than a very simple, 
cheap, and ingenious furnace, contrived by Mr. Charles Aikin, 
fig. 55. It is formed out of pieces of black-lead melting pots, in 
a manner to be afterwards described ; and is supplied with air by 
a pair of double bellows, d. By a slight alteration, this furnace 
may occasionally be employed for the operation of cupelling. 
(See fig. 57.) 

* See his Mineralogy, Tab. iii. and iy. 
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II. For containing the materials, which arc to be submitted to 
the action of heat in a wind furnace, vessels called crucibles are 
employed. They are most commonly made of a mixture of fire- 
clay and sand, occasionally with the addition of plumbago, or black- 
lead. The Hessian crucibles are best adapted for supporting an 
intense heat without melting ; but they are liable to crack when 
suddenly heated or cooled. The porcelain ones, made by Messrs. 
Wedgwood, are of much purer materials, but are still more apt 
to crack on sudden changes of temperature ; and, when used, they 
should, therefore, be placed in a common crucible of larger size, 
the interval being filled with sand. The black-lead crucibles re- 
sist very sudden changes of temperature, and may be repeatedly 
used ; but they are destroyed when some saline substances (such 
as nitre) arc melted in them, and are consumed by a current of 
air. For certain purposes, crucibles are formed of pure silver, 
or platina. Their form varies considerbly, as will appear from 
inspecting plate vi. figs. 49, 50, 51, and 54. It is necessary, in 
all cases, to raise them from the bars of the grate, by a stand, fig. 
53, a or b. For the purpose of submitting substances to the con- 
tinued action of a red heat, and with a considerable surface exposed 
to the air, the hollow arched vessel, with a fiat bottom, fig. 52, 
termed a muffle, is commonly used. In fig. 69, rf, e, the muffle 
is shown, placed in a furnace for use. [See note 3 at the end of 
this vol.] 

III. Evaporating vessels should always be of a flat shape, 
so as to expose them extensively to the action of heat. (See a 
section of one, fig. 12.) They are formed of glass, of earthen ware, 
and of various metals. Those of glass are with difficulty made 
sufficiently thin, and are ofter broken by changes of temperature ; 
but they have a great advantage in the smoothness of their surface, 
and in resisting the action of most acid and corrosive substances. 
Evaporating vessels of porcelain, or Wedgwood's ware, are next 
in utility, are less costly, and less liable to be cracked. They are 
made both of glazed and unglazed ware. For ordinary purposes 
the former are to be preferred ; but the unglazed should be em- 
ployed when great accuracy is required, since the glazing is 
acted on by several chemical substances. Evaporating ves- 
sels of glass, or porcelian, are generally bedded, up to their 
edge, in sand (see fig. 65) ; but those of various metals are 
placed immediately over the naked fire. When the glass or 
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porcelain vessel is very thin, and of small size, it may be safely 
placed on the ring of the brass stand, plate i. fig. 1 3, and the flame 
of an Argand's lamp, cautiously regulated, may be applied be- 
neath it. A lamp thus supported, so as to be raised or lowered, 
at pleasure, on an upright pillar, to which the rings, of various di- 
ameters, are adapted, will be found extremely useful ; and, when 
a strong heat is required, it is advisable to employ a lamp, provid- 
ed with double concentric wicks. 

IV. In the process of evaporation, the vapour for the most 
part is allowed to escape ; but of certain chemical processes, the 
collection of the volatile portion is the principal object. This 
process is termed distillation. It is performed in vessels of 
various forms and materials. The common still is so generally 
known, that a representation of it in the plates was deemed un- 
necessary. (See Aikin's Chem. Diet. pi. ii. fig. 31.) It consists 
of a vessel, generally of copper, shaped like a tea-kettle, but with- 
out its spout and handle. Into the opening of this vessel, instead 
of a common lid, a hollow, moveable head is affixed, which ends in 
a narrow, open pipe. This pipe is received into another tube of 
lead, which is twisted spirally, and fixed in a wooden tub, so that 
it may be surrounded by cold water. (Fig. 40, dd.) When the 
apparatus is to be used, the liquid intended to be distilled is pour- 
ed into the body of the still, and the head is fixed in its place, the 
pipe which terminates it, being received into the leaden worm. 
The liquid is raised into vapour, which passes into the worm, is 
there condensed by the surrounding cold water, and flows out at 
the lower extremity. 

The common still, hoAvever, can only be employed for volatil- 
izing substances that do not act on copper, or other metals, and is, 
therefore, limited to very few operations. The vessel, fig. 2, is of 
glass, or earthen ware, and is also intended for distillation. It is 
termed an alembic, and consists of two parts ; the body a for con- 
taining the materials, and the head b by which the vapour is con- 
densed ; the pipe c conveying it to a receiver. Vessels, termed 
retorts, however, are more generally used. Fig. l,c shows the 
common form, and fig. 13, a represents a stoppered, or tubulated 
retort. Retorts are made of glass, of earthen ware, or of metal. 
When a liquid is to be added at distant intervals during the pro- 
cess, the best contrivance is that shown fig. 26, a, consisting of a 
hent tube, with a funnel at the upper end. When the whole if. 
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introduced at first, it is done either through the tubulure, or, if in- 
to a plain retort, through the funnel, fig. 10. 

To the retort, a receiver is a necessary appendage ; and this 
may either be plain, fig. 1. 6, or tubulated, as shown by the dotted 
lines at c. To some receivers a pipe is added (fig. 13), 6, which 
may enter partly into a bottle beneath. This vessel, which is 
principally useful for enabling us to remove the distilled liquid, at 
different periods of the process, is termed a quilled receiver. For 
some purposes, it is expedient to have the quilled part accurately 
ground to the neck of the bottle, c, which should then be furnish- 
ed with a tubulure, or second neck, having a ground stopper, and 
should be provided, also, with a bent tube, to be occasionally ap- 
plied, for conveying away any gases that may be produced. The 
condensation of the vapour is much facilitated, by lengthening the 
neck of the retort with an adojiter (fig. 1 1), the wider end of which 
slips over the retort neck, while its narrow extremity is admitted 
into the mouth of the receiver. (See fig. 63.) 

Heat may be applied to the retort in several modes. When 
the vessel is of earthen ware, and when the distilled substance re- 
quires a strong heat to raise it into vapour, the naked fire is appli- 
ed, as shown fig. 63. Glass retorts are generally placed in heat- 
ed sand (fig. 59) ; and, when of a small size, the flame of an Ar- 
gand's lamp, cautiously regulated, may be conveniently used 
(fig. 13). 

In several instances,the substance raised by distillation is part- 
ly a condensable liquid, and partly a gas, which is not condensed 
till it is brought into contact with water. To effect this double 
purpose, a series of receivers, termed Woulfe's .Apjiaratus, is 
employed. The firt receiver (3, fig. 30) has a right-angled glass 
tube, open at both ends, fixed into its tubulure ; and the other ex- 
tremity of the tube is made to terminate beneath the surface of 
distilled water, contained, as high as the horizontal dotted line, m 
the three-necked bottle c. From another neck of this bottle, a sec- 
ond pipe proceeds, which ends, like the first, under water, contained 
in a second bottle d. To the central neck a straight tube, open 
at both ends, is fixed, so that its lower end may be a little beneath 
the surface of the liquid. Of these bottles any number may be 
employed that is thought necessary. 

The materials being introduced into the retort, the arrange- 
ment completed, and the joints secured in the manner to be pre- 
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sently described, the distillation is begun. The condensable va- 
pour collects in a liquid form in the balloon b, while the evolved 
gas passes through the bent pipe, beneath the surface of the wa- 
ter in c, which continues to absorb it till saturated. When the 
■water of the first bottle can absorb no more, the gas passes, un- 
condensed, through the second right-angled tube, into the water 
•of the second bottle, which, in its turn, becomes saturated. Any 
gas that may be produced, which is not absorbable by water, es- 
capes through the bent tube e, and may be collected, if necessary. 

Supposing the bottles to be destitute of the middle necks, and, 
consequently, without the perpendicular tubes, the process would 
be liable to be interrupted by an accident : for if, in consequence 
of a diminished temperature, an absorption or condensation of gas 
should take place, in the retort a, and, of course, in the balloon b, 
it must necessarily ensue that the water of the bottles c and d 
would be forced, by the pressure of the atmosphere, into the bal- 
loon, and possibly into the retort : but, with the addition of the 
central tubes, a sufficient quantity of air rushes through them to 
supply any accidental vacuum. This inconvenience, however, is 
still more conveniently obviated by Welther's tube of safety (fig. 
31.6), which supersedes the expediency of three-necked bottles. 
The apparatus being adjusted, as shown by the figure, a small 
quantity of water is poured into the funnel, so as to about half fill 
the ball b. When any absorption happens, the fluid rises in the 
ball, till none remains in the tube, when a quantity of air immedi- 
ately rushes in. On the other hand, no gas can escape, because 
any pressure from within is instantly followed by the formation 
of a high column of liquid in the perpendicular part, which resists 
the egress of gas. This ingenious invention I can recommend, 
from ample experience of its utility. 

Very useful alterations in the construction of Woulfe's appa- 
ratus have been contrived also by Mr. Pepys and Mr. Knight. 
That of the former is shown (fig. 32,) where the balloon b is 
surmounted by a vessel accurately ground to it, and furnished 
with a glass valve, resembling that affixed to Nooth's apparatus. 
This valve allows gas to pass freely into the vessel c, but prevents 
the water which it contains from falling into the balloon. Mr. 
Vol. I. 5 
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Knight's improvement is described, and represented in a plate, in 
the Philosophical Magazine, vol. xx.* 

When a volatile substance is submitted to distillation, it is nec- 
essary to prevent the escape of the vapour through the junctures 
of the vessels ; and this is accomplished by the application of 
lutes. [See note 4 at the end of this vol.] The most simple 
method of confining the vapour, it is obvious, would be to connect 
the places of juncture accurately together by grinding ; and ac- 
cordingly the neck of the retort is sometimes ground to the mouth 
of the receiver. This, however, adds too much to the expense of 
apparatus to be generally practised. 

When the distilled liquid has no corrosive property (such as 
water, alcohol, ether, 8cc), slips of moistened bladder, or of paper, 
or linen, spread with flour paste, white of egg, or mucilage of gum 
arabic, sufficiently answer the purpose. The substance which 
remains, after expressing the oil from bitter almonds, and which 
is sold under the name of almond-meal, or flour, forms a useful 
lute, when mixed to the consistency of glaziers' putty, with water 
or mucilage. For confining the vapour of acid, or highly corro- 
sive substances, the fat lute is well adapted. It is formed by beat- 
ing perfectly dry and finely sifted tobacco pipe-clay with painters' 
drying oil, to such a consistence that it may be moulded by the 
hand. The same clay, beat up with as much sand as it will bear, 
without losing its tenacity, with the addition of cut tow, or of 
horse-dung, and a proper quantity of water, furnishes a good lute, 
which has the advantage of resisting a considerable heat, and is 
applicable in cases where the fat lute would be melted or destroyed. 
Various other lutes are recommended by chemical writers ; but 
the few that have been enumerated I find to be amply sufficient 
for every purpose. 

On some occasions, it is necessary to protect the retort from 
loo sudden changes of temperature, by a proper coating. For 
glass retorts, a mixture of common clay, or loam, with sand, and 
cut shreds of flax, may be employed. If the distillation be form- 

* Another modification of this apparatus, by Mr. Murray, is represented* 
fti Nich. Journ. 8vo. vol. iii. or in Murray's System of Chemistry, vol. i. 
plate v. fig-. 40. Fig. 41 of the same plate exhibits a cheap and simple form 
of this apparatus, contrived by the late Dr. Hamilton, and depicted origin- 
ally in his translation of Barthollet on dyeing. Mr. Burkitt's improve- 
ment of this apparatus may be seen in Nicholson's Journal, 4to. vol. v. 349 
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ed by a sand heat, the coating needs not to be applied higher than 
that part of the retort which is bedded in sand ; but if the process 
be formed in a wind furnace (fig. 63), the whole body of the retort, 
and that part of the neck also which is exposed to heat, must be 
carefully coated. To this kind of distillation, however, earthen re- 
torts are better adapted ; and they may be covered with a com- 
position originally recommended by Mr. Willis. Two ounces 
of borax are to be dissolved in a pint of boiling water, and a suffi- 
cient quantity of slaked lime added, to give it the thickness of 
cream. This is to be applied by a painter's brush, and allowed 
to dry. Over this a thin paste is afterwards to be applied, form- 
ed of slaked lime and common linseed-oil, well mixed and per- 
fectly plastic. In a day or two, the coating will be sufficient- 
ly dry to allow the use of the retort. 

For joining together the parts of iron vessels, used in distilla- 
tion, a mixture of the finest China clay, with solution of borax, is 
well adapted. In all cases, the different parts of any apparatus 
made of iron should be accurately fitted by boring and grinding, 
and the above lute is to be applied to the part which is received 
into an aperture. This will generally be sufficient without any 
exterior luting ; otherwise the lute of clay, sand, and flax, already 
described, may be used. 

In every instance, where a lute or coating is applied, it is 
advisable to allow it to dry before the distillation is begun ; 
and even the fat lute, by exposure to the air during one or two 
days after its application, is much improved in its quality. The 
clay and sand lute is perfectly useless, except it be previously 
quite dry. In applying a lute, the part immediately over the junc- 
ture should swell outwards, and its diameter should be gradually 
diminished on each side. (See fig. 13, where the luting is shown } 
applied to the joining of the retort and receiver). 

Besides the apparatus already described, a variety of vessels 
and instruments are necessary, having little resemblance to each 
other, in the purposes to which they are adapted. Glass vessels 
are required for effecting solution, which often requires the appli- 
cation of heat, and sometimes for a considerable duration. In the 
latter case, it is termed digestion, and the vessel, fig. 4, called a 
mattras, is the most proper for performing it. When solution is 
quickly effected, the bottle, fig. 5, with a rounded bottom, may be 
used; or a common Florence oil flask serves the same purpose 
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extremely well, and bears, without cracking, sudden changes of 
temperature. For fire cip.it ations, and separating liquids from 
precipitates, the decanting-jar (fig. 16) will be found useful ; or, 
if preferred, it may be shaped as in fig. 26, /. Liquids, of differ- 
ent specific gravities, are separated by the vessel fig. 3 ; the 
heavier fluid being drawn off through the cork A, and air being 
admitted by the removal of the stopper a, to supply its place. 
Glass rods, of various lengths, and spoons of the same material, or 
of porcelain, are useful for stirring acid and corrosive liquids ; and 
a stock of cylindrical tubes, of various sizes, is required for oc- 
casional purposes. It is necessary also to be provided with a se- 
ries of glass measures, graduated into drachms, ounces, and pints. 

For the drying of precipitates, and other substances, by a heat 
not exceeding 212°, a very useful apparatus is sold in London. 
It is represented, supported by the ring of a lamp-stand, by fig. 27. 
The vessel a is of sheet-iron or copper japanned and hard-solder- 
ed ; c is a conical vessel of very thin glass, having a rim, which 
prevents it, when in its place, from entirely slipping into a ; and 
d is a moveable ring, which keeps the vessel c in its place. 
When the apparatus is in use, water is poured into a about as 
high as the dotted line ; the vessel c, containing the substance to 
be dried, is immersed in the water, and secured by the ring d ; 
and the whole apparatus set over an Argand's lamp. The steam 
escapes by means of the chimney 6, through which a little hot 
water may be occasionally poured, to supply the waste by evapo- 
ration. By changing the shape of c to the segment of a sphere, 
still retaining the rim, I have found it a most convenient vessel 
for evaporating fluids. 

Accurate beams and scales, of various sizes, with correspond- 
ing weights, some of which are capable of weighing several 
pounds, while the smaller size ascertains a minute fraction of a 
grain, are essential instruments in the chemical laboratory. So 
also any mortars of different materials, such as of glass, porcelain, 
agate, and metal. Wooden stands, of various kinds, for support- 
ing receivers, should be provided. (See Aikin's Chem. Diet. pi. 
iv. fig. 59, e.) For purposes of this sort, and for occasionally 
raising to a proper height any article of apparatus, a series of 
blocks, made of well seasoned wood, eight inches (or any other 
number) square, and respectively eight, four, two, one, and half 
an inch in thickness, will be found extremely useful ; since, by 
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combining them in different ways, thirty-one different heights may 
be obtained. 

The blow-pipe [See note 5 at the end of this vol.] is an in- 
strument of much utility in chemical researches. A small one, 
invented by Mr. Pepys, with a flat cylindrical box for condensing 
the vapour of the breath, and for containing caps, to be occasion- 
ally applied with apertures of various sizes, is perhaps the most 
commodious form. (See Aikin's Chem. Diet. pi. vii. fig. 71, 72, 
73.) One of a much smaller size, for carrying in the pocket, has 
been contrived by Dr. Wollaston, and may be had from Mr. Knight 
of Foster-Lane.* A blow-pipe which is supplied with air from a 
pair of double bellows worked by the foot, may be applied to pur- 
poses that require both hands to be left at liberty, and will be 
found useful in blowing glass, and in bending tubes. [See note 
6 at the end of this vol.] The latter purpose, however, may be 
accomplished by holding them over an Argand's lamp with dou- 
ble wicks. Occasionally, when an intense heat is required, the 
flame of the blow-pipe, instead of being supported by the mouth, 
may be kept up by a stream of oxygen gas, expelled from a blad- 
der or from a gas-holder. (Sec a representation of the apparatus 
in the Chemical Conversations, pi. ix.) 

In the course of this work, various other articles of apparatus, 
will be enumerated, in detailing the purposes to which they are 
adapted, and the principles on which they arc constructed. It 
must be remembered, however, that it is no part of my object to 
describe every ingenious and complicated invention, which has 
been employed in the investigation of chemical science : but 
merely to assist the student in attaining apparatus for general and 
ordinary purposes. For such purposes, and even for the prosecu- 
tion of new and important inquiries, very simple means are suffi- 
cient ; and some of the most interesting chemical facts may be ex- 
hibited with the aid merely of Florence flasks, of common vials, 
and of wineglasses. In converting these to the purposes of ap- 
paratus, a considerable saving of expense will accrue to the ex- 
perimentalist ; and he will avoid the encumbrance of various in- 
struments, the value of which consists in show, rather than in real 
utility. 

In the selection of experiments, I shall generally choose such 
as may be undertaken by persons not possessed of an extensive 

• It is described in Nich. Journ. xv. 284. 
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chemical apparatus. On some occasions, however, it may be 
necessary, in order to complete the series, that others should be 
included, requiring, for their performance, instruments of consider- 
able nicety. The same experiment may, perhaps, in a few instan- 
ces, be repeatedly introduced in illustration of different princi- 
ples ; but this repetition will be avoided as much as possible. 
Each experiment will be preceded by a brief enunciation of the 
general truth which it is intended to illustrate. 



CHAPTER II. 

OF CHEMICAL AFFINITY. 

All bodies, composing the material system of the universe, 
have a mutual tendency to approach each other, whatsoever may 
be the distances at which they are placed. The operation of this 
force extends to the remotest parts of the planetary system, and 
is one of the causes that preserve the regularity of their orbits. 
The smaller bodies, also, that are under our mor-e immediate ob- 
servation, are influenced by the same power, and fall to the 
earth's surface, when not prevented by the interference of other 
forces. From these facts, the existence of a property has been in- 
ferred, which has been called attraction, or more specifically the 
attraction of gravitation. Its nature is entirely unknown to us ; 
but some of its laws have been investigated, and successfully ap- 
plied to the explanation of phenomena. Of these the most impor- 
tant are, that the force of gravity acts on bodies directly in pro- 
portion to the quantity of matter in each ; and that it decreases in 
the reciprocal proportion of the squares of the distances. 

From viewing bodies in the aggregate, we may next proceed 
to contemplate them as composed of minute particles. These, al- 
so, are influenced by the force of attraction, but not unless when 
placed in apparent contact. Hence a distinction has been made 
between gravitation, and that kind of attraction, which is effective 
only at insensible distances. The latter has been called contigu- 
ous attraction or affinity ; and it has been distinguished, as it is 
exerted between particles of matter, of the same kind, or between 
particles of a different kind. 

By the affinity of aggregation, the cohesive affinity, or more 
simply cohesion, is to be understood that force or power, by which 
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particles of matter of the same kind attract each other, the only ef- 
fect of this affinity being an aggregate or mass. Thus a lump of 
copper may be considered as composed of an infinite number of 
minute particles or integrant parts, each of which has precisely 
the same properties, as those that belong to the whole mass. 
These are united by the cohesive affinity. But if the copper be 
combined with another metal, (such as zinc,) we obtain a com- 
pound, the constituent parts of which, copper and zinc, are com- 
bined by the power of chemical affinity. In simple bodies, there- 
fore, the cohesive affinity alone is exerted ; but compounds are 
influenced by both affinities, their constituent or dissimilar parts 
being united by chemical affinity, and their integrant or similar 
parts by the affinity of aggregation. 

SECTION I. 

O r Cohesion, Solution, and Crystallization. [See note 7 at the 
end of this vol.^ 

The cohesive affinity is a property, which is common to a 
great variety of bodies. It is most strongly exerted in solids ; 
and in these it is directly proportionate to the mechanical force 
required for effecting their disunion. In liquids, it acts with con- 
siderably less energy; and in aeriform bodies we have no evi- 
dence that it exists at all ; for their particles, as will afterwards be 
shown, if not held together by pressure, would probably separate 
to immeasurable distances. Its force is not only different among 
different bodies, but in various states of the same body. Thus in 
the cohesion of certain metals, important changes are produced bv 
the rate of cooling, by hammering, and by other mechanical ope- 
rations. Water, also, in a solid state, has considerable cohesion, 
which is much diminished when it becomes liquid, and entirely 
destroyed when it is changed into vapour. 

The most important view, in which the chemist has to consider 
cohesion, is that of a force either counteracting or modifying che- 
mical affinity ; for the more strongly the particles of any body are 
united by this power, the less are they disposed to enter into com- 
bination with other bodies. In many cases, a very powerful affin- 
ity between two substances may be rendered wholly inefficient, 
by the strong cohesion of one or both of them. Hence it has been 
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received as an axiom, that the affinity of composition is inversely 
firoftortionate to the cohesive affinity. 

The cohesion of bodies may be overcome either by mechanic- 
al disintegration ; by the action of caloric ; or by the predominance 
of chemical affinity. The operations of pulverizing, rasping, 
grinding, &c, which form part of a variety of ordinary processes, 
are examples of the first method of destroying cohesion. The ef- 
fect of caloric is perhaps best exemplified in the case of two met- 
als (suppose tin and copper) which do not unite, however minute- 
ly divided, until brought by heat into a state of fluidity. One of 
the most simple cases of the predominance of chemical over co- 
hesive affinity, is presented by the solution of a solid in a liquid, a 
process which affords a clear illustration of the agency of the oppo- 
site powers of chemical affinity and cohesion. 

The term solution comprehends an extensive class of phe- 
nomena; for it is applied not only to the disappearance of solids 
in liquids, but to such combinations, of liquids with each other, 
and of solid or liquid with aeriform bodies, as are attended with 
perfect transparency. It appears to be entirely an effect of the 
operation of chemical affinity, exerted between the more fluid 
body termed the solvent, and the body which is to be dissolved. 
Thus when water is poured upon any salt, the solid may be con- 
sidered as acted upon by two forces. Its cohesive attraction, on 
the one hand, tends to preserve it in a solid state, and its affinity 
for water, on the other, to bring it into a state of solution. In 
this case either the cohesion of the salt may be so strong, as to re- 
sist entirely any sensible action of the water ; or it may be inferi- 
or, in various degrees, to the force of chemical affinity. If the 
latter force prevail, solution goes on to a certain point, beyond 
which it cannot be carried. This term, at which water ceases to 
act upon a salt, is called the point of saturation, and the resulting 
liquid a saturated solution. 

In the instance of a soluble salt, the force of affinity prevails 
then over that of cohesion. But conformably to a general law, 
which will afterwards be explained, water acts with gradually di- 
minishing energy on all solids, as the solution approaches the 
term of saturation. When this is attained, the affinity of the fluid, 
and the cohesion of the solid, may be supposed to have arrived at 
an equilibrium. No farther action can be exerted by the fluid up- 
on the solid, unless we can either increase the energy of affinity, 
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or diminish that of cohesion, by some extraneous force. In these 
cases we have generally recourse to the agency of caloric, which 
acts chiefly by diminishing cohesion. But even the operation of 
heat has limits ; for it is incapable of impairing cohesion beyond 
a certain degree, when the two opposing forces are again balanc- 
ed, and we obtain a new point of saturation. In this and all sim- 
ilar instances, the term of saturation must vary at almost every 
different temperature. It does not, however, appear that the in- 
crease of the solvent power of water bears any regular proportion 
to the increase of temperature ; and in several cases, it remains 
nearly the same at all temperatures. 

When water has ceased to act upon a solid, in consequence of 
its having attained the term of saturation, the solution may take 
up another solid of a different kind. In this instance the solid first 
dissolved exerts an affinity for the second, sufficient to overcome 
the cohesion of the latter ; and the solution goes on, till these two 
forces attain their equilibrium. 

In these examples of the most simple effect of chemical affin- 
ity, and its predominance over cohesion, the properties of the bod- 
ies which are combined, undergo little or no alteration. A solid, 
when thus dissolved, retains its most remarkable sensible qualities 
of taste, smell, &c, as well as its chemical relations. The affini- 
ties, indeed, of most solids, are rendered much more efficient by 
solution ; because one of the principal obstacles to chemical ac- 
tion (the cohesive affinity) is thus in a great measure overcome. 
There are even many bodies that do not combine at all, without 
previous solution. Hence it was formerly received as an univer- 
sal axiom, " corpora non agunt nisi sint soluta :" a proposition, 
to which the advancement of chemical science has since discover- 
ed many exceptions. 

In solids which are thus retained in solution, the cohesive at- 
traction, though overcome by a counteracting force, must still be 
considered as existing, and as tending to reunite the integrant 
particles, which are suspended in the fluid. The smallest addi- 
tion to the cohesive attraction renders this force efficient, and a 
part of the solid resumes its original form. Thus, every solution, 
which, after being saturated at the common temperature, has re- 
ceived a second quantity of the solid by the application of heat, 
deposits a portion of the solid on cooling ; because when the in- 
Vol. I. 6 
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crease of temperature, which overcame its cohesion, ceases to 
act, that force again becomes efficient. The same thing happens, 
if we expel, by heat, a portion of the water which holds the solid 
in solution. The effect of this is to approximate the particles of 
the solid, and thus to bring them within the sphere of their mutu- 
al attraction. 

When the cohesive affinity of a dissolved solid once more be- 
comes efficient, it may produce, according to circumstances, cith- 
er shapeless masses, or solids of a regular figure, bounded by 
plane surfaces and determinate angles. A heated solution of any 
salt, which is greatly more soluble in hot than in cold water, if 
suddenly cooled, deposits the salt in the form of a powder, and 
affords one of the simplest cases of what is termed in chemistry 
precipitation. Again, a- salt with a less difference as to solubility 
at different temperatures, such as sulphate of soda, forms, by the 
rapid cooling of a heated and saturated solution, an irregular but 
transparent mass, not unlike ice in its appearance. From the 
same solution, when very slowly cooled, the salt is deposited in 
regularly shaped figures, termed crystals. Those saline solu- 
tions also, which retain the same quantity of salt at all tempera- 
tures, and from which therefore crystals cannot be obtained by 
cooling, afford either an inegular mass or perfect crystals, accord- 
ingly as the solvent is removed by rapid or slow evaporation. In 
order, then, to produce regular arrangements of the particles of 
a dissolved solid, the cause, overcoming their cohesive affinity, 
must be very slowly and gradually withdrawn. 

There are other circumstances, which influence the cohesive 
affinity of dissolved solids, and determine it to become effective. 
Of this kind is the introduction of another solid, either of the same 
or of a different kind into the fluid mass. On this principle, pie- 
ces of wood are often introduced into a solution, to promote crys- 
tallization ; and, for the same reason, the first crystals are formed 
upon the sides of the containing vessel. But a still more effectu- 
al method of inducing crystallization, is to immerse, in the solu- 
tion, a crystal of the same kind with that which we expect to be 
formed. The crystal, thus exposed, receives successive additions 
to its several surfaces, and preserves its form, with a considerable 
addition to its magnitude. This curious fact was originally no- 
ticed by Le Blanc, who has founded on it a method of obtaining 
large and perfect crystals. 
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Another circumstance, promoting the cohesion of dissolved 
solids, is that of pressure on the surface of the solution. A satura- 
ted solution of a salt may be prepared under a diminished pressure, 
which will immediately become solid on restoring the weight of 
the atmosphere. This can only be explained on the supposition, 
that by the force ot extraneous pressure the particles of the solid 
are brought nearer to each other, and more within the sphere of 
cohesive attraction. On the same principle, liquids must neces- 
sarily have their solvent power increased by a diminished pressure 
of the air, and perhaps in an appreciable degree, even by common 
barometrical changes. 

The cohesion of the particles of a solid, which has separated 
from its solvent, is never so powerful as to unite them to the en- 
tire exclusion of the fluid, a portion of which enters into the com- 
position of a crystal, and is essential to the regularity of its form. 
In the instance of salts, a quantity of water is almost invariably 
thus combined, and is termed their water of crystallization. Its 
proportion is variable in different salts. In some it is extremely 
small ; in others it constitutes the principal part of the salt, and 
is even so abundant as to liquefy them on the application of heat, 
producing what is called the watery fusion. The water of crys- 
tallization is retained, also, by different salts, with very different 
degrees of force. Some crystals abandon their water by mere ex- 
posure to the atmosphere, and thus lose their transparency, and 
in time, their form. Such salts are said to effloresce. Others, 
on the contrary, not only hold their water of crystallization 
very strongly combined, but eagerly attract more, and on expo- 
sure to the atmosphere become liquid, or delicjuiate. The proper- 
ty itself is called deliquescence. 

It is not, however, every solid that is capable of crystallizing 
from its solution in water ; for the affinity of some saline bodies 
for water is so strong, as to overcome, under all circumstances, 
the cohesive attraction. Even these salts, however, may be 
brought to crystallize, by dissolving them in a fluid which they at- 
tract less strongly than water. Thus several salts of this kind are 
separated in a crystalline form, from their solution in alcohol. 

Since the cohesive affinity is a property which belongs to sol- 
ids in very different degrees, and since solids crystallize merely 
m consequence of the predominance of this affinity, it must be ob- 
vious that when two solids are dissolved in one fluid, they may 
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Jje separated from each other by their different tendencies to co- 
hesion. That solid, whose particles have the greatest cohesive 
attraction, will separate first ; and the other, which is less dispo- 
sed to crystallize, may be afterwards obtained by reducing the 
quantity or temperature of the solvent. The separation, however, 
of the two solids from each other is seldom, if ever, perfect, on 
account of their mutual affinity for each other. When nitre and 
common salt, for example, exist together in the same solution, af- 
ter separating most of the nitre by its greater disposition to crys- 
tallize, there still remains a portion in the saline solution. The 
crystals, also, which we obtain at first, are not pure nitre, but con- 
sist of that salt combined with a portion of common salt. 

Every solid, that is susceptible of crystallization, has a tenden- 
cy to assume a peculiar shape. Thus common salt, when most 
perfectly crystallized, forms regular cubes ; nitre has the shape 
of a six-sided prism ; and alum that of an octaedron. The same 
solid, however, admits of variations of its crystalline figure. Cal- 
careous spar, for example, forms six-sided prisms, and three or 
six-sided pyramids. These varieties are occasioned by acciden- 
tal circumstances, which modify the operation of the force of co- 
hesion. The diversities are, on first view, extremely numerous ; 
and yet, upon a careful examination and comparison, they are 
found to be reducible to a small number of simple figures. 

The attempt to trace all the observed forms of crystals to a 
few simple or primary ones, seems to have originated with Berg- 
man.* In the instance of calcareous spar, this distinguished che- 
mist demonstrated, that its numerous modifications may possibly 
result from one simple figure, the rhomb, by the accumulation of 
which, in various ways, crystals of the most opposite forms may 
be generated. This theory he extended to crystals of every 
kind ; and he accounted for the differences of their external fig- 
ures, by varieties of their mechanical elements or minute mole- 
cules. 

About the same period with Bergman, or immediately after- 
wards, M. Rome de ITsle pursued still farther the theory of the 
structure of crystals. He reduced the study of crystallography 
to principles more exact, and more consistent with observation. 
He classed together, as much as he was able, crystals of the same 
nature. From among the different forms belonging to the same 

* Bergman's Essays, vol. ii. 
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species, he selected, for the pimitive form, one which appeared to 
him to be the most proper, on account of its simplicity. Suppos- 
ing this to be truncated in different manners, he deduced the other 
forms, and established a certain gradation, or series of passages, 
from the primitive form to complicated figures, which on first 
view would scarcely appear to have any connexion with it. To 
the descriptions and figures of the primitive forms, he added the 
mechanical measurement of the principal angles, and showed that 
these angles are constantly the same in each variety. It must be 
acknowledged, however, that the primitive forms, assumed by 
this philosopher, were entirely imaginary, and not the result of 
any experimental analysis. His method was to frame an hypoth- 
esis; and then to examine its coincidence with actual appearances. 
On his principles any form might have been the primitive one, 
and any other have been deduced from it. 

It was reserved for the sagacity of the Abbe Haiiy to unfold 
the true theory of the structure of crystals, and to support it both 
by experimental and mathematical evidence. By the mechanical 
division of a complicated crystal, he first obtains the simple form, 
and afterwards constructs, by the varied accumulation of the prim- 
itive figure, according to mathematical synthesis, all the observed 
varieties of that species. 

Every crystal may be divided by means of proper instruments; 
and, if split in certain directions, presents plane and smooth sur- 
faces. If split in other directions, the fracture is rugged, is the 
mere effect of violence, and is not guided by the natural joining of 
the crystal. This fact had been long known to jewellers and lapi- 
daries ; and an accidental observation of it proved, to the Abbe 
Haiiy, the key of the whole theory of crystallization. By the 
skilful division of a- six-sided prism of calcareous spar, he reduced 
it to a rhomb, precisely resembling that which is known under the 
name of Iceland crystal. Other forms of calcareous spar were 
subjected to the same operation ; and, however different at the 
outset, finally agreed in yielding, as the last product, a rhomboidal 
solid. It was discovered also by Haiiy, that if we take a crystal 
of another kind, (the cubic fluor spar for instance,) the nucleus, 
obtained by its mechanical division, will have a different figure, 
viz. an octaedron. Other crystallized bodies produce still differ- 
ent forms ; which are not, however, very numerous. Those, which 
have hitherto been discovered, are reducible to six ; the parallel- 
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opipedon, which includes the cube, the rhomb, and all the solids 
which are terminated by six faces, parallel two and two ; the 
tetraedron ; the octacdron ; the regular hexaedral prism; the 
dodecaedron with equal and similar rhomboidul planes ; and the 
dodecaedron with triangular planes. 

The solid of the primitive form or nucleus of a crystal, obtain- 
ed by mechanical division, may be subdivided in a direction 
parallel to its different faces. All the sections thus produced 
being similar, the resulting solids are precisely similar in shape 
to the nucleus, and differ from it only in size, which continues to 
decrease as the division is carried farther. To this division, how- 
ever, there must be a limit, beyond which we should come to par- 
ticles so small, that they could no longer be divided. At this 
term, therefore, we must stop ; and to these last particles, the 
result of an analysis of the primitive nucleus, and similar to it in 
shape, Haiiy has given the name of the integrant molecule. If 
the division of the nucleus can be carried on in other directions 
than parallel to its faces, the integral molecule may then have a 
figure different from that of the nucleus. The forms, however 
of the integrant molecule, which have hitherto been discovered, 
arc only three ; the tetraedron? the simplest of pyramids ; the tri- 
angular prism, the simplest of prisms: and the parallelopipedon, 
including the cube and rhomboid, the simplest of solids which 
have their faces parallel two and two. 

The primitive form, and that of the integral molecule having 
been experimentally determined by the dissection of a crystal, the 
next step is to discover the law, according to which these mole- 
cules are arranged, in order to produce, by their accumulation 
around the primitive figure, the great variety of secondary forms. 
What is most important in the discoveries of Hairy, and what con- 
stitutes in fact the essence of his theory, is the determination of 
these laws, and the precise measurement of their action. He has 
shown that all the parts of a secondary crystal, superadded to the 
primitive nucleus, consist of lamina:, which decrease gradually by 
the subtraction of one or more layers of integrant molecules ; so 
that theory is capable of determining the number of these ranges, 
and, by a necessary consequence, the exact form of the secondary 
crystal. 

By the development of these laws of decrement, Hairy has 
rably shown how, from variations of the arrangement of the; 
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integrant molecules, a great variety of secondary figures may be 
produced. Their explanation, however, would involve a minute- 
ness of detail, altogether unsuitable to the purpose of this work ; 
and I refer, therefore, for a very perspicuous statement of them to 
the first and ninth volumes of the Philosophical Magazine. 

Such are the principal views which interest the chemical phi- 
losopher in the consideration of the force of cohesion. He h?s 
sometimes to regard it as a cause impeding or modifying the 
action of chemical affinity ; and sometimes as producing the re- 
union of a solid, either in a regular or irregular form, whose 
particles have been separated by the predominance of chemical 
affinity. The cohesive attraction is, therefore, to be considered 
as the -sole cause of the crystallization of solids. It appears to be 
exerted between the integrant molecules ; for these are most 
probably the bodies that are suspended in a fluid, from Avhich 
crystallization is about to happen. To these molecules, the prop- 
erty of polarity has been ascribed, or atendency to arrange them- 
selves by certain sides in preference to others. The explanation, 
however, is too hypothetical to be received as a satisfactory account 
of the process of crystallization. It assigns, moreover, a cause, 
the relative force of which, in different cases, we have no means of 
measuring or even of estimating. 

The influence of cohesion over chemical affinity, it will appear 
however from the sequel, is much more extensive than can be 
inferred from the foregoing observations. To the full develop- 
ment of this interference, it is essential that the general laws of 
chemical affinity should be understood, and to the explanation of 
these I shall proceed in the following section. 



SECTION II. 

Of Chemical Jffinitij, and the General Phenomena of Chemical 

Action. 

Chemical affinity, like the cohesive attraction, is effective 
only at insensible distances ; but it is distinguished from the latter 
force, in being exerted between the particles of bodies of different 
kinds. The result of its action is not a mere aggregate, having 
the same properties as the separate parts, and differing only by its 
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greater quantity or mass, but a new compound, in which the prop- 
erties of the components have either entirely or partly disappeared, 
and in which new qualities are also apparent. The combinations 
effected by chemical affinity are permanent, and are destroyed on- 
ly by the interference of a more powerful force, either of the 
same or of a different kind. 

As a general exemplification of chemical action, we may as- 
sume that which takes place between potash and sulphuric acid. 
In their separate state, each of these bodies is distinguished by pe- 
culiarities of taste and other qualities. The alkali, on being ad- 
ded to blue vegetable infusions, changes their colour to green, 
and the acid turns them red. But if we add the one substance to 
the other, very cautiously and in small quantities, examining the 
effect of each addition, we shall at length attain a certain point, at 
which the liquid will possess neither acid nor alkaline qualities ; 
the taste will be cenverted into a bitter one ; and the mixture will 
produce no effect on the blue vegetable colours. Here then, the 
qualities of the constituent parts, or at least some of their most 
important ones, are destroyed by combination. When opposing 
properties thus disappear, the bodies combined have been said to 
saturate each other ; and the precise term, at which this takes 
place, has been called the point of saturation. It is advisable, 
however, to restrict this expression to weaker combinations, 
where there is no remarkable alteration of qualities, as in cases of 
solution ; and to apply, to those results of more energetic affini- 
ties, which are attended with loss of properties, the term neutral- 
ization. 

At the same time that the properties of bodies disappear on 
combination, other new qualities, both sensible and chemical, are 
acquired ; and the affinities of the components for other substan- 
ces become in some cases increased, in others, diminished in energy. 
Sulphur, for example, is destitute of taste, smell, or action on veg- 
etable colours ; and oxygen gas is, in these respects, equally in- 
efficient. But the compound of sulphur and oxygen is intense- 
ly acid ; the minutest portion instantly reddens blue vegetable in- 
fusions, and the acid is disposed to enter into combination with a 
variety of bodies, for which its components evinced no affinity. 
Facts of this kind sufficiently confuse the opinion of the older che- 
mists, that the properties of compounds are intermediate between 
those of their component parts ; for in instances like the forego- 



SECT. II. CHEMICAL AFFINITY- 49 

ing the compound has qualities, not a vestige of which can be tra- 
ced to either of its elements. 

Besides the alteration of properties, which usually accompa- 
nies chemical action, there are certain other phenomena, which 
are generally observed to attend it. Of these the principle are 
change of form, change of density, and change of temperature. 

1 . Change of form may take place under various modifications. 
Thus two or more solid bodies, by combination, may become li- 
quid or aeriform, or the reverse. A solid and an aeriform body, by 
chemical union, may produce a liquid, as in the instance of sul- 
phur and oxygen ; two gases may produce a solid or liquid ; or 
two liquids a solid. 

2. Change of density is an almost invariable concomitant of 
chemical union. In most instances, the density of bodies is increas- 
ed by combination, or is greater than the mean density of the 
components. If equal weights of sulphuric acid and of water be 
mixed, the resulting density is not the mean, but considerably 
greater. In some cases, a change of form and of density happen 
together. Thus a salt, when dissolved in water, has exchanged 
the solid for the fluid form, and its density is diminished. The 
solvent, on the contrary, has experienced an increase of density ; 
but the former effect more than counterbalances the latter, and, 
on the whole, an enlargement of volume, or diminution of densi- 
ty, is the result. The same thing happens with certain combina- 
tions of the metals, the compound of which has a specific gravity 
less than that of the components. 

3. Change of temperature is observed in almost every in- 
stance of chemical action ; and this, like density, may either be 
increased or diminished. During the solution of certain solids in 
water, the thermometer indicates generally a production of cold, 
or in other words a diminished temperature. When sulphuric 
acid and water are suddenly mixed, a'contrary change happens, and 
a considerable increase of temperature results. The cause of 
these changes cannot be explained, until the subject of the vari- 
ous quantities of caloric in bodies has been considered. It is suf- 
ficient at present to observe that the alteration of temperature is 
invariably accompanied either by a change of form, of density, or 
of both. 

Chemical affinity may be exerted, lstlv, between two timfile 
Vol I 7 
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substances, or among three, four, or more, giving rise to what 
may be termed primary compounds, or compounds of elementary 
substances with each other. 2dly, It may be effective between 
simple bodies and compounds; or, 3dly, between compounds and 
other compounds. By the combinations of elementary bodies with 
each other, either new affinities are required, or at least existing 
ones are for the first time rendered apparent. Oxygen, for exam- 
ple, has no afiinity for lime ; but the compound of oxygen and 
sulphur is powerfully attracted by that earth, and we obtain a 
compound of sulphur, oxygen and lime. In this example, and 
in all similar ones, it becomes an interesting question, whether 
the resulting combination is to be ascribed to affinities exerted by 
the compound (sulphuric acid) as such ; or, to the affinities of the 
constituent principles rendered active by combination. If the lat- 
ter be the true conclusion, (as will appear extremely probable in 
the sequel,) it will follow that we cannot, in any instance, infer 
from the want of action between two substances, that they have 
no affinity ; and that, on the contrary, affinity may exist when not 
manifested by any effect. In the latter case, its activity is sup- 
pressed by counteracting forces, the nature of which will presently 
be considered. 

Chemical affinity, when it actually exists between two bodies, 
is not exerted with the same energy in all proportions, lstly, 
Some bodies unite in one proportion only. Thus hydrogen and 
oxygen combine only in the proportions that constitute water, 
which are nearly 15 of the former to 85 of the latter. 2dly, Oth- 
er bodies combine in several proportions ; but these are definite ; 
and, in the intermediate ones, no combination ensues. Oxygen 
and nitrogen, for instance, unite in the proportions of 37 to 63, 56 
to 44, and 70i to 29|, but cannot be combined in any other. 3dly, 
In some cases, combination takes place in all proportions to a cer- 
tain extent, beyond which it cannot be carried. This is best ex- 
emplified by the solution of a salt in water, which may take place 
in all the intermediate degrees to the point of saturation. 4thly, 
In other instances, bodies unite without limitation in all propor- 
tions ; but the affinities, exerted in these cases, are far from be- 
ing energetic, and the bodies combined undergo little alteration of 
properties. Thus sulphuric acid unites with any quantity of wa- 
ter ; and the characteristic properties of the acid (its taste and 
action on vegetable colours) continue to be appaient in the corn- 
round. 
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SECTION III. 

Of Elective Affinity. 

An important law of affinity, which is the basis of almost all 
chemical theory, is, that one body has not the same force of affin- 
ity towards a number of others, but attracts them unequally. Thus 
A will combine with B in preference to C, even when these two 
bodies are presented to it under equally favourable circumstances. 
Or, when A is united with C, the application of B will detach A 
from C, and we shall have a new compound consisting of A 
and B, C being set at liberty. Such cases are examples of 
what is termed in chemistry simple decomposition, by which 
it is to be understood that a body acts upon a compound, 
and unites with one of its constituents ; leaving the other at liber- 
ty. And as the forces of affinity of one body to a number of oth- 
ers vary, this body has been considered as making an election ; 
and the affinity has been called single elective affinity. Thus if to 
the muriate of lime, consisting of lime and muriatic acid, we add 
potash, the muriatic acid exerts a stronger elective affinity for the 
potash than for the lime ; and the lime falls down in the state of a 
powder, or is jir ccip.it at ed. Of facts of this kind a great variety 
have been comprehended in the form of tables, the first idea of 
which seems to have occurred, nearly a century ago, to Geoffrey, a 
celebrated French chemist. The substance, whose affinities arc to 
be expressed, is placed at the head of a column, and is separated 
from the rest by a horizontal line. Beneath this line are arrang- 
ed the bodies, with which it is capable of combining, in the order 
of their respective forces of affinity ; the substance, which it at- 
tracts most strongly, being placed nearest to it, and that, for 
which it has the least affinity, at the bottom of the column. The 
affinities of muriatic acid, for example, are exhibited bv the fol- 
lowing plan. 

RIATIC ACID. 



Barytes, 
Potash, 
Soda, 
Lime, 
Ammonia, 
Magnesia, 
Sec. 8cc. 
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Simple decompositions may be expressed, also, by another 
form, contrived by Bergman. Thus the following scheme illus- 
trates the decomposition of muriate of lime by potash. 

Muriate of Potash. 



Muriate I Muriatic acid. Potash. 

of -J Water at 60°. 

Lime. / Lime. 

v 

Lime. 



The original compound (muriate of lime) is placed on the out- 
side and to the left of the vertical bracket. The included space 
contains the original principles of the compound, and also the body 
which is added to produce decomposition. Above and below 
the horizontal lines, are placed the results of their action. The 
point of the lower horizontal line being turned downwards, denotes 
that the lime falls down or is precipitated ; and the upper line, 
being perfectly straight, shows, that the muriate of potash remains 
in solution. If both the bodies had remained in solution, they 
would both have been placed above the upper line ; or, if both 
had been precipitated, beneath the lower one. If either one or 
both had escaped in a volatile form, this would have been express- 
ed by placing the volatilized substance above the diagram, and 
turning upwards the middle of the upper horizontal line. But 
since decompositions vary under different circumstances, it is 
necessary to denote, by the proper addition to the scheme, that 
the bodies are dissolved in water of the temperature of 60°. 

No chemical facts can appear, on first view, more simple or 
intelligible, than those which are explained by the operation of 
single elective affinity. It will be found, however, on a more mi- 
nute examination, that this force, abstractedly considered, is only 
one of several causes which are concerned in chemical decompo- 
sitions, and that its action is modified, and sometimes even sub- ' 
verted, by counteracting forces. 

SECTION IV. 

Of the Causes-, which modify the action of Chemical Affinity. 

Chemical affinity is by no means an uniform force, accom- 
panied, when exerted between the same substances, with invari- 
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ably the same effects ; but these effects are modified by other 
circumstances. The apparent exceptions were first attentively 
examined and explained by Bergman ; but it is to the recent la- 
bours of Berthollet, that we are indebted for their full elucidation. 
The views of this distinguished philosopher have effected, indeed, 
a complete revolution in our notions of affinity ; and have shown 
that it is a force much less exclusively concerned, than was for- 
merly imagined, in the production of chemical phenomena. 

The circumstances which modify the exertion of chemical af- 
finity, are the following : 

1. Cohesion. The influence of this force over chemical affin- 
ity has already been in part explained in a preceding section ; 
and other illustrations of its interference Avill be given, when we 
consider the subject of the limitations to chemical combination. 

2. Quantity of matter. If affinity were an invariable force, a 
body A, united by a strong affinity to another B, could never be sep- 
arated from it by a third body C, for which A has a weaker affin- 
ity. Or if the three bodies A, B, and C, were mixed together, 
under certain circumstances, A should combine with B to the en- 
tire exclusion of C. In neither of these instances, however, does 
such an exclusive action take place ; for if the bodies A, B and C 
be brought into contact, we have a combination of A with B, and 
another of A with C, in proportions regulated by the quantities of 
B and C. Again, the compound A B may be partly decomposed 
by C. Muriatic acid, for instance, has a stronger affinity for ba- 
rytes than for potash ; and yet, in a mixture of the three bodies, 
the acid unites not only with barytes but with potash, even though 
more barytes may be present than is necessary to neutralize the 
whole of the acid. The combination of muriatic acid and ba- 
rytes is, also, partly decomposed by potash. 

It is found, moreover, by experiment, that when two bodies, 
having different affinities for a third, are brought into contact with 
it, under equal circumstances, this third body is divided between 
them, not only in proportion to the energy of their affinities, but 
also in proportion to their quantities. A larger quantity, there- 
fore, may compensate a weaker affinity ; and the reverse. To ob- 
tain, in such cases, a measure of the action of two bodies on a 
third, if their respective affinities were precisely determined, it 
would only be necessary to multiply the number indicating the 
affinity by the quantity. To the product of this multiplication 
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Berthollet has given the appellation of mass. Thus let us sup- 
pose, for the sake of illustration, (what is not accurate in fact,) 
that the affinity of barytes for muriatic acid is twice as strong as 
that of potash, or that these affinities are respectively denoted by 
the numbers 4 and 2. In this case the same mass* will result 
from 4 parts of barytes as from 8 of potash ; because the same j 
product (16) is obtained, in each instance, by multiplying the num- 
ber indicating the affinity into that denoting the quantity ; for 4 
(the affinity of barytes) multiplied by 4 (the quantity assumed in 
this example) is equal to 16 ; and 2 (the affinity of potash) mul- 
tiplied by 8 (its quantity) is also equal to 1 6. In this case, there- 
fore, to divide equally a portion of muriatic acid between barytes 
and potash, these two bodies should be employed in the propor- 
tion of 2 of the former to 4 of the latter. 

Since the affinity of any substance for another is influenced by 
the circumstance of quantity, it might be expected that affinity 
must decrease, as we approach the term of saturation or neutrali- 
zation ; and this is perfectly conformed to fact. Hence was de- 
duced the law, that the force of affinity is in the inverse fir ojiortion 
of neutralization. As an exemplification of the law, we may 
suppose the quantity of potash, required to neutralize a given 
weight of sulphuric acid, to be divided into 100 equal parts, and 
each ten of these to be added in succession. If the initial affinity 
of the acid for the alkali be denoted by 100, the first ten parts will 
be combined with a force indicated by that number: the second 
ten with the force only of 90 ; the third ten with the force of 80 ; 
and so on, in a diminishing progression, as we approach the point 
of neutralization. It is scarcely necessary to add that these num- 
bers are not intended to express accurately the force of affinity ; 
but are arbitrarily assumed for the purpose of illustration. 

The influence of quantity explains, also, the difficulty which is 
observed in effecting, in any instance, the total decomposition of a 
compound of two principles by means of a third. The immediate 
effect of a third body C, when added to a compound A B, is to 
abstract from B a portion of the substance A ; and consequently a 
portion of B is set at liberty, the attraction of which for A, is oppos- 
ed to that of the uncombined part of C. The farther this decom- 
position is carried, the greater will be the proportion of B which 

* This term is objectionable, on account of the different meaning, which 
3 affixed to it in mechanical philosophy. 
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is brought into an uncombined state ; and the more powerfully will 
it oppose any farther tendency of C to detach the substance A. 
At a certain point, the affinities of B and C for A will be exactly 
balanced, and the decomposition will proceed no farther. In a 
few cases, it must be confessed, a third body separates the whole 
of one of the principles of a compound ; but this happens in con- 
sequence of the operation of extraneous forces, the nature of which 
will presently be explained. 

3. Insolubility is another force, which essentially modifies the 
exertion of affinity. It is tb be considered, indeed, merely as the 
result of cohesion, with respect to the liquid in which the effect 
takes place. 

Insolubility may be regarded as opposing an obstacle to che- 
mical action, both by the cohesion, of which it is an effect, and by 
its preventing that contiguity, which is essential to the exertion of 
affinity. The latter impediment we endeavour to overcome by the 
mechanical diffusion of an insoluble substance through the fluid, 
which is intended to act upon it ; and when the new compound 
has considerable solubility, this expedient is sufficiently effectual. 
Thus lime, by mechanical diffusion in muriatic acid, may be ea- 
sily brought into permanent union. But if in attempting to com- 
bine two bodies, the new compound be also insoluble, the combi- 
nation is effected with considerable difficulty, and we can scarce- 
ly bring it to the point of saturation ; as in the case of sulphuric 
acid and lime. 

When a soluble substance and an insoluble one are presented, 
at the same time, to a third, for which they have nearly an equal 
affinity, the soluble body is brought into the sphere of action with 
great advantages over its antagonist. Its cohesion at the outset 
is but little, and by solution is reduced almost to nothing ; while 
that of the insoluble body remains the same. The whole of the 
soluble substance also exerts its affinity at once ; while a part on- 
ly of the insoluble one can oppose its force. Hence the soluble 
substance may prevail, and may attach to itself the greatest pro- 
portion of the third body, even though it has a weaker affinity than 
the insoluble one to the subject of combination. 

Insolubility, however, under certain circumstances, is a force 
which turns the balance in favour of the affinity of one body when 
opposed to the affinity of another. For example, if to the soluble 
compound, sulphate of soda, we add barytes, the new compound, 
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sulphate of barytes, is precipitated the instant it is formed ; and 
being removed from the sphere of action, the soda can exert no 
effect upon it by its greater quantity or mass. For the same rea- 
son, when soda is added to sulphate of barytes, the latter is pro- 
tected from decomposition both by its insolubility and by its cohe- 
sion. 

These facts sufficiently prove that the order of precipitation, 
which was formerly assumed as the basis of tables of elective af- 
finity, can no longer be considered as an accurate measure of that 
force ; and that the body, which is precipitated, may in some ca- 
ses be superior in affinity to the one which has caused precipita- 
tion. In these cases, a trifling superiority in affinity may be more 
than counterbalanced by the cohesive force, which causes insolu- 
bility. 

4. Great specific gravity is a force, which must concur with 
insolubility or cohesion in originally impeding combination ; and 
when chemical union has taken place, it must come in aid of af- 
finity, by removing the new compound from the sphere of action. 
It is scarcely necessary to enlarge on the operation of a force, the 
nature of which must be so obvious. 

5. Elasticity. Cohesion, it has already been stated, may prove 
an impediment to combination ; and, on the other hand, it is pos- 
sible that the particles of bodies maybe separated so widely, as to 
be removed out of the sphere of their mutual attraction. Such 
appears to be the fact with regard to a class of bodies called airs 
or gases. The bases of several of these have powerful attractions 
for the bases of others, and for various liquids, and yet they do not 
combine on simple admixture. Thus elastic aeriform bodies, 
again, may unite with each other or with liquids to a certain point 
only, at which affinity is balanced by elasticity ; for as we approch 
saturation, affinity is gradually diminished, while elasticity remains 
the same. The example, which Berthollet has given in illustra- 
tion of this principle, is the affinity of water for carbonic acid, 
which occasions it to combine with a certain quantity. But as we 
approach saturation, this affinity is gradually diminished, while 
the elasticity of the gas remains the same, and the absorption can 
go on no longer. If the elasticity be counteracted by mechanical 
pressure, the affinity of the water for the acid gas again becomes 
efficient. Such, at least, is the explanation given by Berthollet ; 

I 
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but the fact, which is induhitable, may be explained by causes al- 
together mechanical. 

Again if two bodies, one of which has an elastic and the other 
a liquid form*, be presented at the same time to a solid, for which 
they have both an affinity, the solid will unite with the liquid in 
preference to the gas. Or if we add to the compound of an elas- 
tic substance with an inelastic one, a third body also inelastic, the 
two latter combine to the exclusion of the former. For example, 
if to the compound of potash and carbonic acid we add sulphuric 
acid, the latter acid, acting both by its affinity and its quantity, dis- 
engages a portion of carbonic acid. This, by its elasticity, is re- 
moved from the sphere of action, and presents no obstacle to the 
farther operation of the sulphuric acid. Hence elastic bodies act 
only by their affinity ; whereas liquids act both by their affinity 
and quantity conjoined. And though the affinity of the liquid, ab- 
stractedly considered, may be inferior to the affinity of the elastic 
body, yet, united with quantity, it prevails. In the above instan- 
ces, the whole of the elastic acid may be expelled by the fixed 
acid ; whereas, as it has already been observed, decomposition is 
incomplete, if the substance which is liberated remain within the 
sphere of action. 

6. Efflorescence is a circumstance which occasionally influen- 
ces the exertion of affinity ; but this is only of very rare occurrence. 
The simplest example of it is that of lime, and muriate of soda. 
When a paste, composed of these two substances with a great ex- 
cess of lime, is exposed, in a moist state, to the air, the lime, act- 
ing by its quantity, disengages soda from the common salt, which 
appears in a dry form, on the outer surface of the paste, united with 
carbonic acid absorbed from the atmosphere. In this case the so- 
da, which is separated, being removed from contiguity with the in- 
terior part of the mass, presents no obstacle to the farther action 
of the lime, and the decomposition is carried farther than it would 
have been, had no such removal happened. 

7. The influence of temfierattcre over chemical affinity is ex- 
tremely extensive and important ; but at present a very general 
statement only of its effects is required. In some cases an in- 
creased temperature acts in promoting, and at others in impeding, 
chemical combination : and it materially affects also the order of 
decompositions. 

Vol. I 8 
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An increased temperature promotes chemical union by dimin- 
ishing or overcoming cohesion. Thus metals unite by fusion, and 
salts are rendered more soluble in water. Whenever heat is an 
obstacle to combination, it produces its effect by increasing elas- 
ticity. Hence water absorbs a less proportion of gas at a high 
than at a low temperature. A reduction of the temperature of 
elastic bodies, by lessening their elasticity, facilitates their union 
with other substances. In certain cases, an increased tempera- 
ture has the combined effects of diminishing cohesion and increas- 
ing elasticity. When sulphur is exposed to oxygen gas, no com- 
bination ensues, until the sulphur is heated ; and though the elas- 
ticity of the gas is thus increased, yet the diminution of cohesion of 
the solid is more than proportionate, and chemical union ensues 
between the two bodies. 

Such are the most important circumstances, that modify the 
exertion of chemical affinity. Of their influence, sufficient illus- 
trations have been given to prove, that in every case of combina- 
tion and decomposition, we are not to consider the force of affinity 
abstractedly ; but are to take into account the agency of other 
powers, as cohesion, quantity, insolubility, elasticity, efflorescence, 
and temperature. By the action of these extraneous powers, 
Berthollet has endeavoured to explain certain facts which are not 
easily understood on any other principle. Of these the most im- 
portant are, lstly, the establishment of proportions in chemical 
compounds ; and 2dly, the modification produced in the affinities 
of bodies by chemical union. 

1 . Independently of these extraneous forces, Berthollet imag- 
ines that there are no limits to combination, or that two bodies, 
which are now susceptible of union only in one or in few propor- 
tions, might, if these forces were annihilated, be united in every 
proportion. The causes which he has assigned, as chiefly regula- 
ting proportion, are cohesion and elasticity. To take one of the 
simplest cases, the proportion, in which a salt can be combined 
with water, depends on the balance between the chemical affinity 
of the bodies for each other, and the cohesive attraction of the salt. 
In this case, then, cohesion is the limiting power. As an example 
of the influence of this force when more energetic affinities are ex- 
erted, if we add to diluted sulphuric acid a solution of barytes, a 
compound is formed, consisting of sulphuric acid and barytes, 
h, in consequence of its great insolubility or cohesion, is in- 
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stantly removed from contact with the redundant acid, and with 
established proportion. 

The agency of elasticity in limiting proportion, may be exem- 
plified by the combination of hydrogen and oxygen. If a mix- 
ture of the two gases be inflamed, the new compound, water, is im- 
mediately separated, from what is superfluous of both ingredients, 
by its superior density. In other instances, the bases of aeriform 
substances are combined in various proportions, and in such ex- 
amples, there are several terms of greater condensation, as in the 
case of oxygen and nitrogen. 

2. Another important part of the theory of Berthollet is, that 
the affinities of a compound are not newly acquired ; but are mere- 
ly the modified affinities of its constituents, the action of which, in 
their separate state, was counteracted by the prevalence of oppo- 
sing forces. By combination, these forces are so far overcome, 
that the affinities of the constituents are enabled to exert them- 
selves. 

The action of different affinities existing in one compound, 
Berthollet terms resulting affinities, while the individual affinities 
of the constituents he calls elementary affinities. Thus nitric acid 
acts on potash by an affinity, which results from those of oxygen 
and azote for potash. And as all affinity is mutual, the term re- 
sulting affinity is applied, also, to that force, with which a simple 
body acts on a compound ; to the affinity for example, which any 
simple body may exert on nitric acid. A simple body, indeed, 
may exert towards a compound both an elementary and resulting 
affinity. If the elementary affinity prevails, it will unite only with 
one of the principles of the compound, as when a simple body, by 
its affinity for oxygen, decomposes nitric acid, and liberates its ni- 
trogen in a separate form. If the resulting affinity be predomi- 
nant, the simple body will unite with the whole compound without 
effecting any disunion of its elements. 

From these views it may be inferred, that we are not, in any 
case, to deny the existence of any affinity between two bodies, 
merely because they do not combine when presented to each oth- 
er ; for an affinity may exist, but may be suppressed by the preva- 
lence of opposing forces. According to the doctrine of Berthol- 
let, affinityj is a force exerted by every body towards every other ; 
even though not made apparent by any effect. On this principle, 
we are able to explain certain phenomena, which are wholly unm- 
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telligible on any other, and especially those which have been re- 
ferred to disposing affinity. The action of sulphuret of potash, 
for example, on oxygen gas, has been ascribed to the disposing 
affinity of potash for sulphuric acid. This, however, is ascribing 
an affinity to a compound before that compound has existence. It 
is much more probable, that besides the diminished cohesion of 
the sulphur, the affinity of potash for oxygen has some share in 
producing the combination. On this principle the united affini- 
ties of the potash and sulphur for oxygen (in other words the re- 
sulting affinities of the sulphuret of potash) are the efficient caus- 
es of chemical union. This explanation, however, at least, does 
not, like the theory of disposing affinities, involve an absurdity. 

In opposition to the theory that chemical affinity has a tenden- 
cy to unite bodies in unlimited proportions, an hypothesis has late- 
ly been proposed by Mr. Dalton,* which appears more consonant to 
the general simplicity of nature. When two elements unite to 
form a new compound, he takes it for granted, unless some suffi- 
cient reason can be given to the contrary, that one ultimate parti- 
cle or atom of the one unites with one ultimate particle or at- 
om of the other. In this way, an atom of oxygen united with 
an atom of hydrogen forms water ; and an atom of hydrogen, 
combined with an atom of nitrogen, constitutes ammonia. When 
only one compound of any two elements can be obtained, hp pre- 
sumes, unless the contrary can be proved, that the combination is 
of the kind which has been already described, and which he calls 
binary. But if several compounds can be obtained from the same 
elements, they combine, he supposes, in proportions, which are 
expressed by some simple multiple of the number of atoms. The 
following table exhibits a view of some of these combinations 

1 atom of A -f- 1 atom of B = 1 atom of C, binary. 

1 atom of A -f 2 atoms of B = 1 atom ofD, ternary. 

2 atoms of A + 1 atom of B = 1 atom of E, ternary. 

1 atom of A -f- 3 atoms of B = 1 atom of F, quaternary. 

3 atoms of A -f- 1 atom of B = 1 atom of G, quaternary, 

&c. &c. 

This theory Mr. Dalton has not confined to the combinations 
of bodies generally deemed simple, but has extended to those 
*" New System of Chemical Philosophy." 8vo. London. 1808. 
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which take place between simple bodies and compounds, or be- 
tween compounds and other compounds. Thus the neutral salts, 
which result from the combination of the same base with differ- 
ent proportions of acid, he has included under the same general 
law. If, for example, any neutral salt consist of an atom of base 
united to one atom of acid, the superacid salt will consist of an at- 
om of base united with two atoms of acid. This doctrine, it must 
be confessed, cannot at present be regarded in any other light 
than that of an hypothesis. But it is an hypothesis which has been 
developed with great ingenuity and patience of investigation, and 
which is supported by many striking and daily increasing analogies. 
[See note 8 at the end oi this vol.]. 

SECTION V. 

Of the Estimation of the Forces of dffiiiitu. 

The affinities of one body for a number of others are not ail of 
the same degree of force. This is all that the present state of 
our knowledge authorizes us to affirm ; for we arc ignorant how 
much the affinity of one body for another is superior to that of a 
third. The determination of the precise forces of affinity would be 
an important step in chemical philosophy ; for its phenomena 
would then be reduced to calculation ; and we should be enabled 
to anticipate the result of experiment. 

The observed order of decomposition, it has already been stat- 
ed, does not enable us to assign the order of the forces of affini- 
ty ; because, in all decompositions, other forces are concerned. 
We are, therefore, obliged to seek some other method of deter- 
mining the problem. Of these several have been proposed. 

When the surface of one body is brought into contact with an- 
other surface of the same kind, as when the smooth surfaces of a 
divided leaden bullet are pressed together, they adhere by the 
force of cohesion, their particles being all of the same kind. But 
when the surfaces of different bodies are thus brought into appar- 
ent contact, it is reasonable to suppose that their adhesion arises 
from chemical affinity, because their particles are of different 
kinds. Guyton proposed, therefore, the comparative force, with 
which different surfaces adhere, as a competent measure of che- 
mical affinity. His experiments were mr.de on plates of different 
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metals, of precisely the same size and form, suspended by their 
centres from the arm of a sensible balance. The lower surfaces of 
these plates were successively brought into contact with mercury, 
which was changed for each experiment, and the weight was ob- 
served, which it was necessary to add to the opposite scale, in or- 
der to detach the several metals. Those which required the 
largest weight were inferred to have the greatest affinity ; and it 
is remarkable that the order of affinities, as determined in this 
way, correspond with the affinities as ascertained by other meth- 
ods. The following were the results : 



Gold adhered to mercury with a force of 


. 446 grains. 


Silver . .... 


429 


Tin 


418 


Lead . . 


397 


Bismuth ... . 


372 


Zinc ..... 


204 


Copper . . . 


142 


Antimony . ... 


126 


Iron ... ... 


115 


Cobalt . . . 


8 



This method, it must be obvious, is of too limited application 
to be of much utility ; for few bodies have the mechanical condi- 
tions, which can enable us to subject them to such a test. How, 
for example, could the affinities of acids for alkalis be examined 
on this principle ? It may be doubted, also, whether in the cases 
to which it may be applied, it does not measure the facility of 
combination, rather than the actual force of affinity. 

To determine the absolute forces, which one body exerts to- 
wards a number of others, Mr. Kirwan has proposed the quantity 
of each, which is required to produce neutralization. This he has 
ascertained by experiment in a great variety of instances, a few of 
which are contained in the following tables. 
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100 Parts of 


! 


SULPHURIC ACID 


require for Neutralization 




v 


200 ; 


parts of barytes. 


138 


- - of strontites. 


121 


- - of potash. 


78 


- - of soda. 


70 


- - of lime. 


57 


- - of magnesia. 


26 


- - of ammonia. 
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100 Parts of 
potash require 
l v < 

105 of carbonic acid. 
85 of nitric acid. 
8 2|of sulphuric. 
56 of muriatic. 



In judging of the affinities ot the same acid for different bases, 
Mr. Kirwan assumes that they are represented by the numbers 
indicating the quantities of each base required for neutralization. 
Thus, because 100 parts of sulphuric acid neutralize 200 of ba- 
rytes, and 121 of potash, the affinity of the former is superior to 
that of the latter in the proportion of 200 to 121. So far the infer- 
ence corresponds with the order of decomposition ; for barytes takes 
sulphuric acid from potash. But if we examine the affinities of 
potash, as represented in the second table, we shall find that, on 
this principle, they are directly contradictory to fact. Thus the 
affinity of sulphuric acid should be greatly inferior to that of the 
carbonic ; whereas it is well known that the former displaces the 
latter from all its combinations. Mr. Kirwan was, therefore, driv- 
en to the necessity of establishing a precisely opposite rule in 
determining the affinities of different acids for the same base, and 
of assuming that they are inversely proportionate to the affinity of 
the saturating acid. Thus the affinity of carbonic acid for potash 
would be 82^, and that of sulphuric acid 105. This, however, in- 
volves a contradiction ; since it is implied that a stronger affinity, 
in one instance, requires a greater quantity of the saturating prin- 
ciple, as in the relation of barytes and potash to sulphuric acid ; 
and that, in the other, it requires a less quantity, as in the instance 
of the sulphuric and carbonic acids with respect to potash! 

Neutralization is plainly an effect of chemical affinity, and must 
in all cases boar a proportion to its cause. It has been assumed,, 
therefore, with much greater probability, by Berthollet, that the 
substance which, in the smallest quantity, neutralizes another, is 
♦ he one possessing the strongest affinity. On this principle, the 
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affinities of sulphurate acid for different bases, will be exactly the 
reverse of the order established by Mr. Kirwan ; and to that or- 
der, which would have been assigned from observed decomposi- 
tions. ' Thus ammonia will have a sronger affinity for sulphuric 
acid, than any of the substances which arc placed above it in the 
table ; though it is separated, by each of these, from its union 
with that acid. 

It is in the extraneous forces, which have been enumerated 
as influencing chemical affinity, that we are to seek for the expla- 
nation of this apparent anomaly, and especially in those of cohe- 
sion and elasticity. The elasticity of ammonia, for example, turns 
the balance in favour of magnesia, lime, &c. There is an obvi- 
ous difficulty, however, in the application of the theory. For as 
the elasticity of ammonia, is suppressed by its combination with 
sulphuric acid, what, it may be asked, but a superior affinity can oc- 
casion the first commencement of decomposition ? This difficul- 
ty, perhaps, will be removed, if we admit that the affinity of the 
last portions of ammonia, which produce saturation, is inferior to 
the affinity of lime, which, being in an insulated state, acts on the 
sulphuric acid with all the force of its initial affinity. The de- 
composition then goes on because the ammonia, being removed 
from the sphere of action, presents no obstacle by its quantity. 

The problem, therefore, of determining the absolute forces of 
affinity can scarcely be admitted to be solved. Even if it were, we 
should not be able to predict the order of decomposition, unless the 
modifying forces of cohesion, elasticity, &c. could be at the same 
time subjected to precise admeasurement. Until both these ob- 
jects are accomplished, the results of chemistry can in no case be 
obtained by calculation, but the science must remain a collection 
of general principles, derived from experiment and induction. 

SECTION VI. 

Of Complex Affinity. 

• 

Under the more general name of Complex Affinity , Berthollet 
includes that which has hitherto been considered as produced by 
the action of four affinities, and which has commonly been denom- 
inated double elective affinity. It frequently happens that the 
< ompound of two principles cannot be destroyed either by a third 
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or a fourth separately applied ; but if the third and fourth be com- 
bined, and placed in contact with the former compound, a decompo- 
sition, or a change of principles will ensue. Thus when lime water 
is added to a solution of the sulphate of soda, no decomposition hap- 
pens, because the sulphuric acid attracts soda more strongly than it 
attracts lime. If the muriatic acid be applied to the same com- 
pound, still its principles remain undisturbed, because the sulphu- 
ric acid attracts soda more strongly than the muriatic But if 
the lime and muriatic acid, previously combined, be mixed with 
the sulphate of soda, a double decomposition is effected. 

The lime, quitting the muriatic acid, unites with the sulphu- 
ric, and the soda, being separated from the sulphuric acid, combines 
with the muriatic. These decompositions are rendered more in- 
telligible by the following diagram, contrived by Bergman. 
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On the outside of the vertical brackets are placed the original 
compounds ; and above and below the diagram, the new com- 
pounds. The upper line, being straight, indicates that the mu- 
riate of Soda remains in solution ; and the middle of the lower 
line, being directed downwards, that the sulphate of lime is pre- 
cipitated. 

In all cases similar to the foregoing, Mr. Kirwan conceives 
that we may trace the operation of two distinct series of affinities. 
The affinities tending to preserve the original compounds (which 
in the above example are those between sulphuric acid and soda, 
and between muriatic acid and lime), he terms the quiescent affin- 
ities ; because they resist any change of composition. On the 
other hand the affinities, which tend to disunite the original com- 
pounds and to produce new ones, (such as those between muriatic 

Vol. I. 9 
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acid and soda, and between sulphuric acid and lime,) he terms 
divellent affinities. In order that an effect may be produced, the 
divellent affinities must necessarily be superior to the quiescent. 
Now assuming the numbers in Mr. Kirwan's tables to express ac- 
curately the forces of affinities, the double exchange of principles, 
which happens in the preceding instance, is readily explained. 
Thus the quiescent affinities are 

Those of lime to muriatic acid =118 
of soda to sulphuric acid = 78 

196 
The divellent affinities, opposed to these, consist of 

The affinity of soda to muriatic acid = 1 36 
lime to sulphuric acid = 70 

206 

The original compound, therefore, is preserved by a force equiva- 
lent to 196, and the tendencies to produce new compounds are re- 
presented by the number 206. The divellent affinities are,_there- 
fore, predominant. 

The theory of quiescent and divellent affinities, however, though 
highly attractive from its simplicity, and from the facility with 
which it solves certain phenomena, is completely defective in the 
explanation of others. For example, sulphate of potash is decom- 
posed by muriate of barytes. Yet, estimating in the above man- 
ner the quiescent and divellent affinities, an exchange of princi- 
ples ought not to ensue. The affinities, tending to preserve the 
original compound, are those of sulphuric acid for potash = 121, 
and of muriatic acid for barytes=314. The divellent affinities 
are that of muriatic acid for potash =1 77 -{-that of sulphuric acid 
for barytes=200. The quiescent affinities then are 121+314 = 
435, and the divellent 177+200=377. This leaves a balance of 
58 in favour of the quiescent affinities ; and yet decomposition en- 
sues, when the two compounds are brought into contact. 

It must be acknowledged that the numbers, assumed by Mr, 
Kirwan, do not correspond with the actual forces of affinity. But 
even if they are taken according to the principle assumed by Ber • 
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thollet, they will not be found universally applicable. The rea- 
son of this is, that the phenomena produced by complex affinity, 
like those occasioned by simple affinity, are materially influenced 
by the extraneous forces of cohesion, quantity, elasticity, temper- 
ature, &c. The effect of quantity is shown by the fact, that if two 
salts be mixed together in certain proportions, decomposition will 
ensue,butnotif mixed in other proportions. Thus from the min- 
gled solutions of two parts of muriate of lime and one of nitrate of 
potash, we obtain muriate of potash ; but not from equal weights of 
the two salts. Insolubility, or precipitation, has also a considerable 
influence on the result. When this occurs, the influence of quan- 
tity is destroyed, as in the case of sulphate of potash and muriate 
jof barytes. Elasticity, ar\d an increased temperature (which op- 
erates by increasing elasticity), have also a powerful influence in 
promoting the action of complex affinities. Thus of four princi- 
ples, two of which are volatile and two fixed, the two which are 
volatile will be disposed to unite, in preference to combining with 
either of those which are fixed. Hence the phenomena of com- 
plex decomposition concur with those of a more simple kind, in 
proving that affinity is not an uniform force, but is materially in- 
fluenced by various modifying circumstances; and that/we cannot 
confidently anticipate results, from comparing the numerical ex- 
pressions of quiescent and divellent affinities. 

One great obstacle to the construction of tables, capable of re- 
presenting the forces of affinity, is the difficulty of ascertaining, 
with precision, the quantities of bodies required for neutralization. 
Notwithstanding all the care employed by Mr. Kirwan, consider- 
able errors appear to have crept into the results of his experi- 
ments. This will sufficiently appear, when they are examined by 
a test, which has been ingeniously proposed by Guyton. It must 
be obvious that if between two salts, which are mixed together in 
solution, decomposition should ensue, and the mixture should af- 
terwards be found neutral, the quantity of acid, which has quitted 
one of the bases, must have been exactly equivalent to the satur- 
ation of the other base, also deserted by its acid. If, for example 
we mingle the muriate of magnesia and sulphate of soda, the 
mixture continues neutral ; and hence it follows that the muria- 
tic acid which quits the magnesia must have been exactly equal to 
the neutralization of the soda deserted by the sulphuric acid 
Put from a calculation, founded on the proportion of the ingrcdi*. 
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ents of these salts, as established by Mr. Kirwan, it appears that 
the soda, detached from the sulphuric acid, is not adequate to the 
saturation of the muriatic acid. The mixture, therefore, ought 
to be acid ; and since this is contrary to fact, we may safely inter 
that there is an error in the estimation of the ingredients compos- 
ing these salts. No tables, indeed, can be correct, unless they 
stand the test of this mode of verification. Such a table has been 
calculated by Fischer from the experiments of Richter ; but even 
this table seems in several respects to be of questionable accura- 
cy. I have thought it, however, entitled to a place among the ta- 
bles in the Appendix. 

SECTION VII. 

Experimental Illustrations of Chemical Affinity, Solution, &c. 

For these experiments, a few wine glasses, or, in preference, 
deep ale glasses, will be required ; and a Florence flask for per- 
forming the solutions. 

I. Some bodies have no affinity for each other.— -Oil and wa- 
ter, mercury and water, or powdered chalk and water, when sha- 
ken together in a vial, do not combine, the oil or water always 
rising to the surface, and the mercury or chalk sinking to the bot- 
tom. 

II. Examples of chemical affinity, and its most simple effect, 
viz. solution. — Sugar or common salt disappears or dissolves in 
water ; chalk in dilute muriatic acid.* Sugar and salt are, there- 
fore, said to be soluble in water, and chalk in muriatic acid. The 
liquid in which the solid disappears, is termed a solvent. Chalk 
or sand, on the contrary, when mixed with water by agitation, al- 
ways subside again. Hence they are said to be insoluble. 

III. Influence of mechanical division in promoting the action 
of chemical affinity , or in favouring solution. — Lumps of chalk or 
maible dissolve much more slowly in dilute muriatic acid, than 
equal weights of the same bodies in powder. Muriate of lime, 
or nitrate of ammonia, cast, after liquefaction by heat, into the 
shape of a solid sphere, is very slowly dissolved : but with great 
rapidity when in the state of a powder or of crystals. When a 
lump of the Derbyshire fluate of lime is immersed in concentrated 

* I omit, purposely, the distinction between the solution and dissokir 
tion. 
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sulphuric acid, scarcely any action of the two substances on each 
other takes place ; but if the stone be finely pulverized, and then 
mingled with the acid, a violent action is manifested, by the copi- 
ous escape of vapours of fluoric acid. In the common arts of 
life, the rasping and grinding of wood and other substances are 
familiar examples. 

IV. Hot liquids, generally speaking, are more powerful sol- 
vents than cold ones.— To four ounce-measures of water, at the 
temperature of the atmosphere, add three ounces of sulphate of 
soda in powder. Only part of the salt will be dissolved, even af- 
ter being agitated some time. Apply heat, and the whole of the 
salt will disappear. When the liquor cools, a portion of salt will 
separate again in a regular form or in crystals. This last ap- 
pearance affords an instance of crystallization. 

To this law, however, there are several exceptions ; for ma- 
ny salts, among which is muriate of soda, or common salt, are 
equally, or nearly equally, soluble in cold as in hot water. (See 
the table of solubility of salts in water, in the Appendix.) Hence, 
a hot and saturated solution of muriate of soda does not, like the 
sulphate, deposit crystals on cooling. To obtain crystals of the 
muriate, and of other salts which observe a similar law as to solu- 
bility, it is necessary to evaporate a portion of the water ; and the 
salt will then be deposited, even while the liquor remains hot. In 
general, the more slow the cooling, or evaporation, of saline solu- 
tions, the larger and more regular are the crystals. 

V. A -very minute division of bodies is effected by solution.— 
Dissolve two grains of sulphate of iron in a quart of water, and 
add a few drops of this solution to a wine-glass full of water, into 
which a few drops of tincture of galls have been fallen. The di- 
lute infusion of galls will speedily assume a purplish hue. This 
shows that every drop of the quart of water, in which the sul- 
phate of iron was dissolved, contains a notable portion of the salt. 

VI. Some bodies dissolve much more readily and copiously 
than others. — Thus, an ounce measure of distilled water will dis^ 
solve half its weight of sulphate of ammonia, one third its weight 
of sulphate of soda, one sixteenth of sulphate of potash, and onlv 
one five-hundredth its weight of sulphate of lime. 

VII. Mechanical agitation facilitates solution. — Into a wine- 
glass full of water, tinged blue with the infusion of litmus, let fall a 
small lump of solid tartaric acid. The acid, if left at rest, even 
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during some hours, will only change to red that portion of the in- 
fusion which is in immediate contact with it. Stir the liquor, and 
the whole will immediately become red. 

VIII. Bodies do not act on each other, unless either one or 
both be in a state of solution. — 1. Mix some dry tartaric, or, in 
preference, citric acid with dry carbonate of potash. No combi- 
nation will ensue till water is added, which acting the part of a 
solvent, promotes the union of the acid and alkali, as appears from 
a violent effervescence. 

2. Spread thinly, on a piece of tinfoil, three or four inches 
.square, some dry nitrate of copper,* and wrap it up. No effect 
will follow. Unfold the tinfoil, and having sprinkled the nitrate 
of copper with the smallest possible quantity of water, wrap the tin- 
foil up again as quickly as possible, pressing down the edges 
closely. Considerable heat, attended with fumes, will now be ex- 
cited ; and, if the experiment has been dexterously managed, 
even light will be evolved. This shows that nitrate of copper has 
no action on tin, unless in a state of solution. 

IX. Bodies, even when in a state of solution, do not act on- 
each other at fierccfitible distances ; in other words, contiguity is 
essential to the action of chemical affinity. — Thus, when two flu- 
ids of different specific gravities, and which have a strong affini- 
ty for each other, are separated by a thin stratum of a third, which 
exerts no remarkable action on either, no combination ensues be- 
tween the uppermost and lowest stratum.* Into a glass jar, or deep 
ale glass, pour two ounce-measures of a solution of subcarbonate 
of potash, containing, in that quantity, two drachms of common 
salt of tartar. Under this introduce, very carefully, half an ounce- 
measure of water, holding in solution a drachm of common salt ; 
and again, under both these, two ounce-measures of sulphuric 
acid, which has been diluted with an equal weight of water, and 
allowed to become cool. The introduction of a second and third 
liquid beneath the first, is best effected, by filling, with the liquid to 
be introduced, the dropping tube fig. 15. pi. i., which may be done 
by the action of the mouth. The finger is then pressed on the 
upper orifice of the tube ; and the lower orifice, being brought to 

* To prepare nitrate, of copper, dissolve the filings or turnings of that 
metal in a mixture of one part nitrous acid and three parts water ; decant 
the liquor when it has ceased to emit fumes ; and evaporate it to dryness, 
in a copper or earthen dish. The dry mass must be kept in a bottle. 
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the bottom of the vessel containing the liquid, the finger is with- 
drawn, and the liquid descends from the tube, without mingling 
with the upper stratum. When a solution of carbonate of potash 
is thus separated from diluted sulphuric acid, for which it has a 
powerful affinity, by the intervention of a thin stratum of brine, 
the two fluids will remain distinct and inefficient on each other - r 
but, on stirring the mixture, a violent effervescence ensues, in 
consequence of the action of the sulphuric acid on the potash. 

X. Two bodies, having no affinity for each other, unite by the 
intervention of a third.— 'Thus, the oil and water which, in Ex- 
periment I, could not, by agitation, be brought into union, unite im- 
mediately on adding a solution of caustic potash. The alkali, in 
this case, acts as an intermedium. The fact, indeed, admits of be- 
ing explained by the supposition, that the oil and alkali form in 
the first instance, a compound which is soluble in water. 

XI. Saturation and neutralization illustrated. — Water, after 
having taken up as much common salt as it can dissolve, is said 
to be saturated with salt. Muriatic acid, when it has ceased to 
act any longer on lime, is said to be neutralized. 

XII. The properties characterizing bodies, when separate, 
are destroyed by chemical combination, and new firofierties ap- 
pear in the compound. — Thus muriatic acid and lime, which, in a 
separate state, have each a most corrosive taste, lose this entirely 
when mutually saturated ; the compound is extremely soluble, 
though lime itself is very difficult of solution ; the acid no longer 
reddens syrup of violets ; nor does the lime change it, as before, 
to green. The resulting compound, also, muriate of lime, exhib- 
its new properties. It has an intensely bitter taste ; is suscepti- 
ble of a crystallized form ; and the crystals, when mixed with 
snow or ice, generate a degree of cold sufficient to freeze quick- 
silver. 

XIII. Single elective affinity illustrated. — 1. Add to the com- 
bination of oil with alkali, formed in Experiment X., a little dilu- 
ted sulphuric acid. The acid will seize the alkali, and set the oil 
at liberty, which will rise to the top. In this instance, the affinity 
of alkali for acid is greater than that of alkali for oil. 2. To a di- 
lute solution of muriate of lime (prepared in Experiment II.), add 
a little of the solution of pure potash. The potash will seize the 
muriatic acid, and the lime will fall clown, or be precipitated. 

XIV. In every instance, in comparing the affinities of two bod- 



7i 



• MEMICAL A.FFINITT. 



OUA.P. II. 



icsfor a third, a weaker affinity, in one of the two compared, will 
be found to be compensated by increasing its quantity. — It is not 
easy to offer clear and unequivocal examples of this law, and such 
as the student may submit to the test of experiment. The follow- 
ing, however, may illustrate the proposition sufficiently : Mingle 
together, in a mortar, one part of muriate of soda (common salt) 
with half a part of red oxide of lead (litharge, or red lead), and 
add sufficient water to form a thin paste. The oxide of lead, on 
examining the mixture after twenty-four hours, will be found not 
to have detached the muriatic acid from the soda ; for the strong 
taste ©f that alkali will not be apparent. Increase the weight of 
the oxide of lead to three or four times that of the salt ; and, after 
the same interval, the mixture will exhibit, by its taste, marks of 
uncombined soda. This proves, that the larger quantity of the 
oxide must have detached a considerable portion of muriatic acid 
from the soda, though the oxide has a weaker affinity for that acid 
than the soda possesses. 

XV. Double elective affinity exemplified. — In a watery solu- 
tion of sulphate of zinc, immerse a thin sheet of lead : the lead 
will remain unaltered, as also will the sulphate of zinc, because 
zinc attracts sulphuric acid more strongly than lead. But let a 
solution of acetate of lead be mixed with one of sulphate of zinc : 
the lead will then go over to the sulphuric acid, while the zinc 
passes to the acetic. The sulphate of lead, being insoluble, will 
fall down in the state of a white powder ; but the acetate of zinc 
will remain in solution. The changes that occur in this experi- 
ment will be better understood from the following scheme : 
• Acetate of Zinc 
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The vertical brackets include the original compounds, viz. 
sulphate of zinc, and acetate of lead ; and the horizontal line and 
bracket point out the new ones, viz. acetate of zinc and sulphate 
of lead. By the upper horizontal line, it is denoted, that the ace- 
tate of zinc remains in solution ; and, by the point of the lower 
bracket being directed downwards, it is meant to express, that the 
sulphate of lead falls down, or is precipitated. 



CHAPTER III. 

OF HEAT OR CALORIC 

SECTION I. 

General Observations on Heat. 

When we apply the hand to a body, which is hotter than it- 
self, we are sensible of a peculiar feeling, which we agree to call 
the sensation of heat. At the same time we observe, in almost 
all bodies that are placed in the same situation with the hand, cer- 
tain effects, the most remarkable of which is an enlargement 
of their dimensions. These circumstances, with very few ex- 
ceptions, so constantly accompany each other, that we can have lit- 
tle or no hesitation in referring them to one and the same cause. 
Of the nature of this cause we have no satisfactory evidence ; and 
we are unable to demonstrate either that it consists in any general 
quality of bodies, or that it resides in a distinct and peculiar kind 
of matter. The opinion', however, which best explains the phe- 
nomena, is that which ascribes them to an extremely subtile fluid, 
of so refined a nature, as to be capable of insinuating itself be- 
tween the particles of the most dense and solid bodies. To this 
fluid, as well as to the sensation which it excites, the term heat 
was formerly applied. But there was an obvious impropriety in 
confounding, under one appellation, two things so distinct as a 
sensation and its cause ; and the term caloric, first proposed by 
Lavoisier, is now, therefore, generally adopted to denote the cause 
of heat. Occasionally, however, in order to avoid too frequent a 
repetition of the same word, the term heat is still employed in a 
more extensive sense, to express not only the sensation which it 
usually denotes, but also some of the modifications of caloric. 
Vol. I. 10 
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Caloric, so far as its chemical agencies are concerned, may be 
chiefly considered under two views — as an antagonist to the cohe- 
sive attraction of bodies — and as concurring with, and increasing 
elasticity. By removing the particles of any solid to a greater dis- 
tance from each other, their cohesive attraction is diminished ; and 
one of the principal impediments to their union with other bodies 
is overcome. On the other hand, caloric may be infused into 
bodies in such quantity, as not only to overcome cohesion, but to 
place their particles beyond the sphere of chemical affinity. Thus, 
in the class of substances called gases, the ponderable ingredient, 
whether solid or liquid, is dissolved in so much caloric, that in 
mechanical properties the gases agree with the air of our atmos- 
phere, and especially in being permanently elastic. Different 
bodies of this class do not in general unite by simple mixture. 
But if, of two gases, we employ either one or both in a state of 
great condensation, or compress their particles nearer to each oth- 
er by any means, the gravitating matter of each unites, and forms 
a new compound. Thus hydrogen and oxygen gases remain to- 
gether in a state of mixture, for any length of time, without com- 
bining ; but if we force their particles into a state of contiguity by 
mechanical pressure, they unite and compose water. In many 
cases, also, when two bodies are combined together, one of which 
is fixed, and the other becomes elastic by union with caloric, we 
are able, by its interposition alone, to effect their disunion. Thus 
carbonate of lime gives up its carbonic acid by the mere applica- 
tion of heat. 

We may consider, then, all bodies in nature as subject to the 
action of two opposite forces, the mutual attraction of their parti- 
cles on the one hand, and the repulsive power of caloric on the 
other ; and bodies exist in the solid, liquid, or elastic state, as one 
or the other of these forces prevails. Water, by losing caloric, 
has its cohesion so much increased, that it assumes the solid form 
of ice ; adding caloric, we diminish again its cohesion, and render 
it fluid ; and, finally, by a still farther addition of caloric, we 
change it into vapour, and give it so much elasticity, that it may 
be rendered capable of bursting the strongest vessels. In many 
liquids, the tendency to elasticity is even so great, that they pass 
to the gaseous form by the mere removal of the weight of the at- 
mosphere. 

Caloric, like all other bodies, may exist in two different state s> 
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in a state of freedom, and in a state, either of combination or of 
something nearly resembling it. In the former state, it is ca- 
pable of exciting the sensation of heat, and of producing expan- 
sion in other bodies. To this modification the terms free or un- 
combined caloric, or caloric of temperature, have been applied. 
By the term temperature we are to understand the state of a body 
relatively to its power of exciting the sensation of heat, and occa r 
sioning expansion ; effects which, in all probability, bear a pro- 
portion to the quantity of free caloric in a given space, or in a giv- 
en quantity of matter. Thus what we call a high temperature 
may be ascribed to the presence of a large quantity of free caloric ; 
and a low temperature to that of a small quantity. We are unac- 
quainted, however, with the extremes of temperature ; and may- 
compare it to a chain, of which a few middle links only are expos- 
ed to our observation. 

The degree of expansion produced by caloric, it will after- 
wards appear, bears a sufficient proportion to its quantity, to afford 
us a means of ascertaining the latter with tolerable accuracy. In 
estimating temperature, indeed, our senses are extremely imper- 
fect ; for we compare our sensations ol heat, not with any fixed 
■or uniform standard, but with those sensations, of which we have 
had immediately previous experience. The same portion of wa- 
ter will feel warm to a hand removed from contact with snow, and 
cold to another hand, which has been heated before the fire. To 
convey, therefore, any precise notion of temperature, we are oblig- 
ed to describe the degree of expansion produced in some one 
body, which has been previously agreed upon as a standard of 
comparison. The standard most commonly employed'is a quan- 
tity of quicksilver, contained in a glass ball, which terminates in a 
long narrow tube. This instrument, called a thermometer, is of 
the most important use in acquiring and recording our knowledge 
of the properties and laws of calorie. The thermometer, howev- 
er, it must be obvious, is no otherwise a measure of the quantity of 
caloric, than as it ascertains the amount of one of its principal effects. 
In this respect, it stands in much the same predicament as the hy- 
grometer, when considered as a mean of determining the mois- 
ture of the atmosphere. This last instrument, it may be remem- 
bered, is composed of some substance, (such as a hair or a piece 
of whip-chord,) which is lengthened by a moist atmosphere and 
• ontrartod by a dry one ; and in a degree proportionate to the 
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moisture or dryness. But all the information, which the hygrom- 
eter gives us, is the degree of moisture, between certain points 
that form the extremities of its scale ; and it is quite incompe- 
tent to measure the absolute quantity of watery vapour in the air. 

In explaining those properties and laws of caloric, which have 
become known to us by means of the thermometer, it appears a suf- 
ficiently natural division of the subject to describe, lstly, those ef- 
fects which caloric produces, without losing its properties of ex- 
citing the sensation of heat and occasioning expansion ; — and, 2d- 
ly, those agencies, in which its characteristic properties are des- 
troyed, and in which it ceases to be cognizable by our senses or 
by the thermometer. 

The expansion or dilatation of bodies, it will appear, is al- 
most an universal effect of an increase of temperature. Its 
amount, however, is not the same in all bodies, but differs very es- 
sentially. By the same increase of temperature, liquids expand 
more than solids, and aeriform bodies more than cither. Nor is the 
same quantity of expansion effected in the same solid or liquid, by 
adding similar quantities of heat : for, generally speaking, bodies 
expand by equal increments of caloric, more in high than in low 
temperatures. The explanation of this fact is,'thatthe force oppos- 
ing expansion (viz. cohesion) is diminished by the interposition of 
caloric between the particles of bodies ; and, therefore, when equal 
quantities of caloric are added in succession, the last portions meet 
with less resistance to their expansive force than the first. In gas- 
es, which are destitute of cohesion, equal increments of heat ap- 
pear, on the contrary, to be attended with precisely equal augmen- 
tations of bulk. 

An important property of free caloric, the knowledge of which 
has been acquired by means of the thermometer, is its tendency 
to an equilibrium. When a heated ball of iron is exposed to the 
open air the caloric, which is accumulated in it, flows out ; and 
its temperature is gradually reduced to that of the surrounding 
medium. This is owing to two distinct causes : the air, immedi- 
ately surrounding the ball, acquires part of the caloric which es- 
capes ; and, having its bulk increased, is rendered specifically 
lighter and ascends. This is succeeded by a cooler and heavier 
portion of air from above, which, in its turn, is expanded and car- 
ries off a second quantity of caloric. Hence a considerable part of 
the caloric, which is lost by a heated body, is conveyed away by 
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the ambient air. But the refrigeration cannot be wholly explained 
on this principle ; for it has been long known that heated bodies 
cool, though with less celerity, under the exhausted receiver of an 
air pump, and even in a Torricellian vacuum. 

When the phenomena accompanying the cooling of bodies arc 
accurately examined, it is found that a part of the caloric, which 
escapes, moves through the atmosphere with immeasurable velo- 
city. In an experiment of M. Pictet, no perceptible interval took 
place between the time at which caloric quitted a heated body, 
and its reception by a thermometer at the distance of sixty-nine 
feet. It appears, also, to move with equal ease in all directions, 
and not to be at all impeded by a strong current of air meeting it 
transversely. Hence it follows that the propagation of caloric, in 
this state of rapid movement, does not depend on any agency of 
the medium through which it passes. Like light, it appears to 
be transmitted in parallel rays ; and it has, therefore, under this 
modification, been called radiant caloric 

The proportion of caloric, lost by a heated body, in these two 
different ways, may be approximated by observing what time it 
takes to cool through the same number of degrees in air and in 
vacuo. By experiments of this kind, Dr. Franklin thought he had 
ascertained that a body, which requires five minutes in vacuo, 
will cool in air, through the same number of degrees, in two min- 
utes. Count Rumford's experiments with a Torricellian vacuum 
give the proportions of 5 to 3. It will, perhaps, not be very re- 
mote from the truth, if it be stated, in general terms, that one 
half of the caloric, lost by a heated body, escapes by radiation, 
and that the rest is carried ofTt>y the ambient atmosphere. 

The radiation of caloric appears to bear a proportion to the el- 
evation of temperature of a body above that of the surrounding 
medium. Hence in part it is, that a heated body, during refrig- 
eration, loses unequal quantities of caloric in equal times. The 
series appears to be pretty nearly a geometrical one. Thus, sup- 
posing the temperature of a body to be 1000 degrees above thf 
surrounding medium, 

In the first minute it will lose T ? ff of its heat or 900° 
In the second . . -^ of the remainder =90 

In the third . . . . ^oflO . . . = 9 

The movement of caloric by radiation occurs only in free 
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space, or through transparent media. But caloric is capable, 
also, of passing though dense and opaque bodies, though with 
prodigiously impaired velocity. Thus a long bar of iron, heated 
at one end, soon becomes hot at the other. This property in bod- 
ies has been called their conducting power, and it exists, in 
different bodies, in very different degrees. It is not, however, 
found to bear a proportion to any other quality of bodies. 

All the properties of caloric, which have been hitherto des- 
cribed, belong to it when in a free or uncombined form ; for it 
continues to produce the sensation of heat and to expand the mer- 
cury of the thermometer. In the instances of its agency, also, that 
have been mentioned, no permanent change of form or of proper- 
ties is effected in the bodies, which have imbibed caloric. A bar 
of iron, after being expanded by heat, returns on cooling to the 
same state as before, and exhibits all its former qualities. In cer- 
tain cases, however, caloric is absorbed by bodies, with the loss of 
its distinguishing properties. It can then be no longer discovered 
by our senses or by the thermometer : and it produces important 
and sometimes permanent changes, in the bodies into which it en- 
ters. 

Those effects of caloric, in the production of which it loses 
its distinguishing properties, may be classed under two general 
heads. 

I. All bodies, in passing from a denser to a rarer state, ab- 
sorb caloric. — Thus solids, during liquefaction, imbibe a quantity 
of caloric, which ceases to be apparent to our senses or to the ther- 
mometer ; or, as it has been termed, becomes latent. In a simi- 
lar manner, solids and liquids, during their conversion into vapours 
or gases, render latent a quantity of caloric, which is essential to 
the elasticity of the new product. In common language cold is, 
in such cases, said to be produced ; but by the production of cold 
we are to understand, in philosophical language, nothing more 
than the passage of caloric from a free to a latent form. 

II. All bodies, by an increase of density, evolve or give out 
caloric, which passes from a latent to a free state.— -The simplest 
illustration of this law is in the effect ef hammering a piece of 
metal, which may thus be intensely heated, while all that is effect- 
ed is an augmentation of its density. Liquids by becoming solids, 
or gases by conversion into liquids, also evolve caloric, or pro- 
duce an increase of temperature. A pound of water condensed 
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from steam will render 100 pounds of water at 50° wanner by 11°; 
whereas a pound of boiling water would produce the same rise of 
temperature in no more than about 13A pounds. This is owing 
to the much greater quantity of caloric, existing in a pound of 
steam, than in a pound of boiling water, though steam and boil- 
ing water affect the thermometer in precisely the same degree. 

It is a question which has excited considerable interest among 
philosophers, whether caloric, when thus absorbed and rendered 
latent, enters into chemical combination, or is merely united by 
the same kind of ties as that portion of caloric, that produces the 
temperature of bodies. Does ice, for example, when changed 
into water, form a chemical union with caloric, similar to that 
which exists between potash and sulphuric acid ? Such appears 
to have been the opinion of Dr. Black, who, by the powers of an 
original and well directed genius, discovered the greater number 
of those facts, that form the groundwork of the theory of latent 
heat. The resemblance, however, between chemical union and 
the disappearance of caloric, which, on first view, appears ex- 
tremely striking, will be found, it must be confessed, less close on 
a nearer examination. For caloric may be made to quit those 
bodies, into which it has entered with the loss of its peculiar 
properties, merely by reducing their temperature ; whereas che- 
mical combinations in general cannot be destroyed, except by the 
interference of more energetic affinities. 

In opposition to the foregoing theory, it has been contended 
that the absorption of caloric by bodies is a consequence of what 
has been called a change of their capacity. Thus ice, it is sup- 
posed, in becoming water, has its capacity for caloric increased, 
and the absorption of caloric is a consequence of this increased ca- 
pacity. The theory however, is deficient, inasmuch as it fails to 
explain what is the cause of that change of form, which is assum- 
ed to account for the increase of capacity. Notwithstanding this 
obvious objection, I have retained the term capacity to express, 
in the abstract, that power, by which bodies absorb and render la- 
tent different quantities of caloric ; or the property of requiring 
more or less caloric for raising their temperature an equal num- 
ber of degrees. The absorption of caloric, then, will always be 
owing to an increase, and its evolution to a decrease, of capacity. 
The use of these terms may be exemplified by a slight change of 
the perspicuous language of Dr. Crawford. " The capacity for 
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containing caloric," he observes (on Heat, page 8), " and the abso- 
lute caloric contained, are distinguished as a force from the sub- 
ject upon which it operates. When we speak of the capacity, we 
mean a power inherent in the heated body ; when we speak of the 
absolute caloric, we mean an unknown principle, which is retained 
in the body by the possession of this power ; and when we speak 
of the temperature, we consider the unknown principles as pro- 
ducing certain effects upon the thermometer." 

As the capacities of the bodies determine their absolute quan- 
tities of caloric, it seems reasonable to conclude, that if we can 
ascertain how much caloric a body absorbs or gives out in chang- 
ing its form, and in what proportion its capacity is at the same time 
altered, we may deduce the absolute quantity of heat which it 
contains. Now it will be afterwards shown that the heat, evolved 
by water in freezing, is equal to 140° ; and the capacity of water 
has been stated to bear to that of ice the proportion of 10 to 9. 
Water, then, in becoming ice, must give out -^th of its whole 
caloric, and as this amounts to 1 40°, ten times 1 40 (or 1 400°) is the 
whole quantity of caloric in water at the temperature of 32° ; and 
deducting 140 from 1400, we have 1260° for the caloric contained 
in the ice itself. This method of determining the problem ap- 
pears, however, to me, to be liable to several objections, which it 
would take up too much room to state in this place, and which I 
have elsewhere urged at considerable length.* 

These general observations I have deemed it necessary to 
make, with the view of connecting together propositions respect- 
ing caloric, and the experiments illustrating them, that form the 
subject of the following sections. The inquiry respecting heat is 
one which presents a boundless field for interesting speculation ; 
and it would have been easy '.to have extended very considerably 
the discussion of its nature and properties. But in this work, I 
have no farther object than to lead the student, by easy steps, to 
a knowledge of what has been actually determined by experiment, 
or strictly and legitimately deduced from it. 

* Manchester Memoirs, vol. v. ; or Phil. Mag 1 . 
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SECTION II. 

Illustrations of the Effects o f Free Calofic. 

I. Caloric expands all bodies. — The expansion of liquids is 
shown by that of the mercury of a thermometer, or by immersing 
in hot water a glass mattras (pi. i. fig. 4), filled, up to a mark in 
the neck, with spirit of wine, tinged with any colouring substance. 
The spirit expands immediately when heated, and would overflow 
if not placed in a cooler situation. The degree of expansion pro- 
duced in different liquids, by similar elevations of temperature, 
varies very considerably. Thus, water expands much more than 
mercury, and alcohol more than water. This difference of ex- 
pansibility is even sufficiently striking to appear in a remarkable 
degree, when we immerse, in water heated to 150°, three equal 
glass vessels of the shape of thermometer tubes, containing the 
one mercury, the other water, and the third spirit of wine. The 
spirit will begin to escape from the aperture of the vessel, before 
the mercury has ascended far in the stem. (See a table of the 
expansion of liquids, in the Appendix.) The expansion of aeri- 
form bodies is shown, by holding, near the fire, a bladder filled with 
air, the neck of which is closely tied, so as to prevent the enclosed 
air from escaping. The bladder will soon be fully distended, and 
may even be burst by continuing and increasing the heat. All 
aeriform bodies undergo the same expansion by the same addi- 
tions of heat, or -| T part of their bulk for each degree of Fahren- 
heit's thermometer, between the freezing and boiling points. 
The expansion of solids is evinced, by heating a rod of iron, of 
such a length as to be included, when cold, between two points, 
and the diameter of which is such, as barely to allow it to pass 
through an iron ring. When heated, it will have become sensi- 
bly longer ; and it will be found incapable of passing through 
the ring. This property of metals has been applied to the con- 
struction of an instrument for measuring temperature, called a 
fiyromeier y a neat and distinct representation of which is given 
in the first volume of" Chemical Conversations." 

The degree of expansion is not the same for all solids, and 
even differs materially in substances of the same class. Thus, 
th.e metals expand in the following order, the most expansible 
being placed first ; zinc, lead, tin, copper, bismuth, iron, steel, 

Vol. I. 1 1 
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antimony, palladium, platina. (Sec the tabic in the Appendix.) 
All the above bodies return again, on cooling, to their former di- 
mensions. 

II. Construction of the thermometer founded on the jirincijile 
of expansion. — The thermometer is an instrument of so much 
importance, that it may be expedient to explain the construction 
of the different kinds which are required in chemical researches. 

The instrument employed by Sanctorio, to wb.om the inven- 
tion of the thermometer is generally ascribed, was of a very 
simple kind, and measured variations of temperature by the varia- 
ble expansion of a confined portion of air. To prepare this in- 
strument, a glass tube (pi. i. fig. 9) is to be provided, eighteen 
inches long, open at one end, and blown into a ball at the other. 
On applying a warm hand to the ball, the included air expands, 
and a portion is expelled through the open end of the tube. In 
this state, the aperture is quickly immersed in a cup filled with 
any coloured liquid, which ascends into the tube, as the air in 
the ball contracts by cooling. The instrument is now prepared. 
An increase of temperature forces the liquor down the tube ; 
and, on the contrary, the application of cold causes its ascent. 
These effects may be exhibited, by alternately applying the hand 
to the ball, and then blowing on it with a pair of bellows. By 
the application of a graduated scale, the amount of the expansion 
may be measured. 

The ball of the above instrument, it must be obvious, cannot 
be conveniently applied to measure the temperature of liquids. 
For adapting it to this purpose, a slight variation may be made 
in its construction, as represented fig. 8, a. To prepare this 
instrument, a small spherical glass vessel is to be about one 6th 
or one 4th filled with any coloured liquid. The tube, open 
at both ends, is then to be cemented into the neck, with its lower 
aperture beneath the surface of the fluid. The expansion of 
the included air drives the liquid up the stem, to which we may 
affix a graduated scale, corresponding with that of a common 
mercurial thermometer. Other modifications have also 1 been 
made by different philosophers. One of the most useful and 
simple forms is represented fig. 8, b. It consists merely of a tube 
of very small bore, from 9 to 12 inches long, at one end of which 
is blown a ball, from half an inch to an inch in diameter, which is 
afterwards blackened by paint, or by the smoke of a candle. A 
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small column of coloured liquid, about an inch in length, is then 
introduced, by a manipulation similar to that already described. 
To fit the instrument for use, this column ought to be stationary, 
about the middle of the tube, at the common temperature of the 
atmosphere. The slightest variation of temperature occasions 
the movement of the coloured liquid ; and a scale of equal parts 
measures the amount of the effect. 

An insuperable objection, however, to the air thermometer, 
as thus constructed, is, that it is affected, not only by changes 
of temperature, but by variations of atmospheric pressure. Its 
utility consists in the great amount of the expansion of air, which, 
by a given elevation of temperature, is increased in bulk above 
twenty times more than mercury. Hence it is adapted to detect 
minute changes of temperature, which the mercurial thermome- 
ter would scarcely discover. 

An important modification of the air thermometer has been 
invented by Mr. Leslie, and employed by him, with great advant- 
age, in his interesting researches respecting heat. To this in- 
strument he has given the name of, the Differential Thermome- 
ter. Its construction is as follows : " Two glass tubes of une- 
qual lengthy each terminating in a hollow ball, and having their 
bores somewhat widened at the other ends (a small portion of 
sulphuric acid, tinged with carmine, being introduced into the 
ball of the longer tube), are joined together by the flame 
of a blow pipe, and afterwards bent nearly into the shape of 
the letter U (see fig. 7), the one flexure being made just below 
the joining, where the small cavity facilitates the adjustment 
of the instrument. This, by a little dexterity, is performed, by 
forcing, with the heat of the hand, a few minute globules of air 
from the one cavity into the other. The balls are blown as equal 
as the eye can judge, and from four lOths to seven lOths of 
an inch diameter. The tubes are such as are drawn for ther- 
mometers, only with wider bores ; that of the short one, to which 
the scale is affixed, must have an exact calibre of a 50th, or a 
60th, of an inch. The bore of the long tube need not be so reg- 
ular, but should be visibly larger, as the coloured liquid will then 
move quickly under any impression. Each leg of the instru- 
ment is' from three to six inches in height, and the balls are from 
two to four inches apart. 

« A moment's attertfifjn to the construction of tins instrument 
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will satisfy us, that it is affected only by the difference of heat 
in the corresponding balls ; and is calculated to measure such 
difference with peculiar nicety. As long as both balls are of 
the same temperature, whatever this may be, the air contained 
in both will have the same elasticity, and, consequently, the inter- 
cluded coloured liquor, being pressed equally in opposite direc- 
tions, must remain stationary. But if, for instance, the ball which 
holds a portion of the liquor be warmer than the other, the supe* 
xior elasticity of the confined air will drive the liquid forwards, 
and make it rise, in the opposite branch, above the zero, to an 
elevation proportional to the excess of elasticity, or of heat." 
The amount of the effect is ascertained by a graduated scale, the 
interval between freezing and boiling being distinguished into 100 
equal degrees. This instrument, it must be obvious, cannot be 
applied to measure variations in the temperature of the surround- 
ing atmosphere, for the reason already assigned. It is peculiar- 
ly adapted to ascertain the difference of the temperatures of 
two contiguous spots in the same atmosphere ; for example, to 
determine the heat in the focus of a reflector. 

Thermometers, filled with spirit of wine (a liquid which has 
not been congealed by any degree of cold hitherto produced) 
[see note 9 at the end of this vol.] are best adapted to the meas- 
urement of yery low temperatures, at which mercury would 
freeze. The amount of the expansion of alcohol, also, which 
exceeds that of mercury above eight times, fits it for ascertaining 
very slight variations of temperature. But it cannot be applied 
to measure high degrees of heat ; because the conversion of the 
spirit into vapour would burst the instrument. 

The fluid, best adapted for filling thermometers, is mercury, 
which, though it expands less in amount than air, or alcohol, 
still undergoes this change jto a sufficient degree ; and, in con- 
sequence of its difficult conversion into vapour, may be applied 
to the admeasurement of more elevated temperatures. As a 
considerable saving of expense will accrue to the experimentalist, 
who is able to construct mercurial thermometers, I shall offer 
some rules for this purpose. In general, however, I should 
deem it preferable merely to superintend their construction, and 
to be satisfied, by actual inspection, that the necessary accuracy 
is, observed ; because much, time must be unavoidably lost, 
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in acquiring the manual skill which is essential to construct them 
neatly. 

Thermometer tubes may be had at the glass house, and of 
various philosophical instrument makers. In purchasing them 
those should be rejected that are not hermetically sealed at both 
ends ; because the smallest condensation of moisture, which must 
take place when air is freely admitted within the tube, is injuri- 
ous to the accuracy of the instrument.* A small bottle of elas- 
tic gum should be provided, in the side of which a brass valve is 
fixed, or a piece of brass perforated by a small hole, to be occa- 
sionally stopped by the hand. A blow-pipe is also an essential 
part of the apparatus ; and, in addition to one of the ordinary kind, 
it will be found useful to have one which is supplied with air by a 
pair of double bellows, worked by the foot. 

Before proceeding to the construction of the thermometer, it 
is necessary to ascertain, that the tube is of equal diameter in dif- 
ferent parts. This is done, by breaking off' both of the sealed 
ends, immersing one of them an inch* or two deep in clean and 
dry mercury, and then closing the other end with the finger. 
On withdrawing the tube from the mercury, a small column of 
that fluid remains in it, the length of which is to be examined, by 
laying the tube horizontally on a graduated ruler.f By inclining 
the tube, this column may be gradually moved through its whole 
length ; and if the tube be of uniform bore, it will measure the 
same in every part. Such a degree of perfection, however, is 
scarcely ever to be observed throughout tubes of considerable 
length ; but, in general, a portion of the tube will be found per- 
fect, of sufficient length for a thermometer, and this part is to 
be broken off. 

On one end of the tube let the neck of the elastic bottle be 
firmly tied ; and let the other end be heated by the flame of the 

* The valve mentioned in the text, although convenient, is not indis- 
pensable, for the air of course returns into the bottfe as soon as the bull is 
blown and the tube withdrawn. 

In using- this instrument, it is well to fix the tube into a perforated 
cork, and this into the mouth of the elastic bottle, milking it secure by a 
string tied tig-lit around. [Note by Amer. editor.] 

-}- If the tube be of an extremely smallbore, the mercury will not enter, 
and must be draMn in by the action of the elastic bottle, and not by the 
mouth. 
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blow-pipe, till the glass softens. The softened part must then 
be pressed, by a clean piece of metal, into the form of a rounded 
button ; and to this the flame of the lamp must be steadily ap- 
plied, till it acquires a white heat, and seems about to enter in- 
to fusion. To prevent its falling on one side, the tube, during 
this time, must be constantly turned round by the hand. When 
the heated part appears perfectly soft, remove it quickly from 
the lamp, and, holding the tube vertically, with the elastic bottle 
uppermost, press this last gently with the hand. The glass 
will be blown into a small ball, but not into one sufficiently thin 
for the purpose. To this the flame of the lamp must again be 
applied, turning it quickly round ; and, on a second or third 
repetition of the process of blowing, the ball will be completely 
formed. The proportion of the size of the ball to the bore of the 
tube, can only be learned by some experience. 

To fill the ball, which has been thus formed, with mercury, 
the air must first be expelled by holding it over the flame of an 
Argand's lamp, and then quickly immersing the open end of the 
tube in very clean and dry quicksilver. As the ball cools, the 
mercury will ascend, and will partly fill it. Let a paper funnel be 
tied firmly over the open end of the tube ; into this pour a small 
portion of quicksilver, and apply the heat of the lamp to the 
ball. Any remaining portion of air will thus be expelled ; and 
if the heat be raised, so as to boil the mercury, the ball and stem 
will be filled with mercurial vapour, the condensation of which, 
on removing the ball from the lamp, will occasion a pretty com- 
plete vacuum. Into this vacuum, quicksilver will descend from the 
paper cone ; and the instrument will be completely filled. But 
for the purpose of a thermometer, it is necessary that the mer- 
cury should rise only to a certain height of the stem ; and a 
few drops may, therefore, be expelled by cautiously applying 
the heat of the lamp. To estimate whether the proper quantity 
of quicksilver has been left in the instrument, immerse the ball 
first in ice cold water, and then in the mouth. The space be- 
tween these two points will comprise 63 degrees, or pretty nearly 
one 3d of the whole space between the freezing and boiling 
points of water. If the empty part of the tube exceeds, in length, 
about three times the portion thus filled by the expanded quick- 
silver, we may proceed (when an instrument is wanted with a scale 
including only from 32° to 212°) to seal it hermetically : which 
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is done as follows : The part to be sealed is first heated with the 
blow-pipe, and drawn out to a fine capillary tube ; the bulb is 
then heated, till a few particles of quicksilver have fallen from 
the top of the tube : at this moment, the flame of another candle 
is directed, by the blow-pipe, on the capillary part of the tube, 
the candle is withdrawn from the ball, and the tube is sealed, at 
the instant when the mercury begins to descend. If this oper- 
ation has been skilfully performed, so as to leave no air in the 
tube, the whole of the tube should be filled with quicksilver on 
holding the instrument with the ball uppermost. 

To have very large degrees, the ball must bear a considera- 
ble proportion to the tube ; but this extent of scale cannot be 
obtained without sacrificing, in some measure, the sensibility of 
the instrument. The whole of the process of constructing ther- 
mometers neatly and accurately, is connected with the possession 
or manual skill, which practice only can confer ; and it is scarce- 
ly possible, without the most tedious minuteness, to describe all 
the necessary precautions and manipulations. These will readily 
suggest themselves to a person who carries the above instruc- 
tions into effect. 

In graduating thermometers, the first step consists in taking 
the two fixed points. The freezing point is ascertained, by 
immersing, in thawing snow or ice, the ball and part of the stem ; 
so that the mercury, when stationary, shall barely appear above 
the surface. At this place let a mark be made with a file. In 
taking the boiling point, considerable caution is required ; and, 
for reasons which will afterwards be stated, attention must be 
paid to the state of the barometer, the height of which, at the 
lime, should be precisely 29. 8. A tin vessel is to be provided, 
four or five inches longer than the thermometer, and furnished 
with a cover, in which are two holes. Through one of these, the 
thermometer stem must be passed (the bulb being within the 
vessel), so that the part at which the boiling point is expected, 
may be just in sight. The other hole may be left open ; and 
the cover being fixed in its place, the vessel, containing a few 
inches of water at the bottom, is to be set on the fire. The ther- 
mometer will presently be wholly surrounded by steam ; and 
when the mercury becomes stationary in the stem, its place must 
be marked. The scale of Fahrenheit is formed by transferring 
the immediate space to paper by a pair of compasses, and dividing 
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it into 180*, the lowest being called 32°, and the highest 212°. The 
scale of other countries, however, differs considerably ; but these 
variations do not prevent the comparison of observations with dif- 
ferent instruments, when the freezing and boiling points of water 
are agreed upon as fixed data. In the Appendix, rules will be 
given for converting the degrees of other scales to that of Fahren- 
heit. 

III. The dilatations and contractions of the fluid in the mer- 
curial thermometer, are nearly proportional to the quantities of 
caloric, which are communicated to the same homogeneous bodies^ 
or separated from them, so long as they retain the same form. 

Thus a quantity of caloric, required to raise a body 20° in 
temperature, by the mercurial thermometer, is nearly double that 
■which is required to raise it 10°. Hence there appears to be a 
pretty accurate proportion between the increments or decrements 
of heat, and the increments and decrements of expansion in the 
mercury of a thermometer. On this principle, if equal quantities 
of hot and cold water be mixed together, and a thermometer 
be immersed in the hot water, and also in the cold, previously to 
the mixture, the instrument should point, after the mixture, to the 
arithmetical mean, or to half the difference of the separate heats, 
added to the less or subtracted from the greater. This will be 
proved to be actually the fact, by the following experiment. Mix 
a pound of water at 172° with a pound at 32°. Half the excess 
of the caloric of the hot water, will pass to the colder portion ; 
that is, the hot water will be cooled 70°, and the cold will receive 
70° of temperature ; therefore 172 — 70, or 32+70 = 102, will 
give the heat of the mixture. To attain the arithmetical mean 
exactly, several precautions must be observed. (See Crawford 
on Animal Heat, p. 95, &c.) 

The experiments of De Luc, however, have shown, that the 
ratio of expansion does not, strictly, keep pace with the actual 
increments of temperature; and that the amount of the expansion 
increases with the temperature. Thus ^f a given quantity of mer- 
cury, in being heated from 32 to 122°, the first half of the scale, 
be expanded 14 parts, in being raised from 122 to 212, the high- 
er half, it will be expanded 15 parts. 

From the enquiries of Mr. Dalton, it appears to follow that 
the irregularity of the expansion of mercury is considerably great- 
er than has been stated by De Luc. By the common mercurial 
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thermometer, we cannot ascertain the true rate of expansion in 
quicksilver j for it must be obvious that the expansion of the 
glass ball, in which it is contained, must considerably affect the 
result. If its capacity remained unaltered, we should then be 
able to determine the actual rate of expansion ; but by an increase 
of temperature its capacity is enlarged, and space is thus found, 
within the ball, for the expansion of that mercury, which would 
otherwise be driven into the tube. By knowing the rate of ex- 
pansion in glass itself we can correct this error ; but a small er- 
ror in this datum will lead us considerably wrong as to the true 
expansion of quicksilver. The real expansion of mercury in 
glass is greater than the apparent, by the expansion of the glass 
itself. 

Making due correction for this circumstance, Mr. Dalton has 
been led to conclude from his experiments, that notwithstanding 
the apparent diversities of expansion in different fluids, they all 
actually expand according to the same law ; viz. that the quanti- 
ty of expansion is as the square of the temperature from their res" 
fiective freezing points, or from their point of greatest density. 
If then a thermometer be constructed, with degrees corres- 
ponding to this law, they will be found to differ very considerably 
from those of the common mercurial thermometer, in which the 
space between freezing and boiling is divided into 180 equal 
parts. In the Appendix will be found a table showing the cor- 
respondence between the old scale, and the new one constructed 
on Mr. Dalton's principle. 

IV. Uncombined caloric has a tendency to an equilibrium 

Any number of different bodies, at various temperatures, if pla- 
ced under similar circumstances of exposure, all acquire a com- 
mon temperature. Thus, if in an atmosphere at 60°, we place 
iron filings heated to redness, boiling water at 32°, and various 
other bodies of different temperatures, they will soon affect the 
thermometer in the same degree. The same equalization of tem- 
perature is attained, though less quickly, when a heated body is 
placed in the vacuum of an air-pump. The rate of cooling in 
air is to that in vacuo, the temperatures being equal, nearly as 
five to two. 

Vol. I. ir 
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II. Motion of Free Caloric. — 1. Its Radiation. — 2. Its Passage 
through Solids and Fluids. 

Caloric esca/ies from bodies in two different modes.— -Part ot 
it finds its way through space, independently of other matter, and 
with immeasurable velocity. In this state it has been called, ra- 
diant heat, or radiant caloric. 

Radiant caloric exhibits several interesting properties. 
1. Its reflection, (c) Those surfaces, that reflect light most 
perfectly, are not equally adapted to the reflection of caloric. 
Thus, a glass mirror, which reflects light with great effect when 
held before a blazing fire, scarcely returns any heat, and the mir- 
ror itself becomes warm. On the contrary, a polished plate of 
tin, or a silver spoon, when similarly placed, reflects, to the hand, 
a very sensible degree of warmth : and the metal itself remains 
cool. Metals, therefore, are much better reflectors than glass ; 
and they possess this property, exactly according to their degree 
of polish. 

( A ) Caloric is reflected according to the same law that regu- 
lates the reflection of light. This is proved by an interesting 
experiment of M. Pictet ; the means of repeating which may be 
attained at a moderate expense. Provide two tin reflectors (a and 
6, fig. 45), which may be 12 inches diameter, and segments of a 
sphere of nine inches radius. Parabolic mirrors are still better 
adapted to the purpose ; but their construction is less easy. 
Each of these must be furnished, on its convex side, with the 
means of supporting it in a perpendicular position on a proper 
stand. Place the mirrors opposite to each other on a table, at the 
distance of from six to 12 feet. In the focus of one, let the ball 
of an air thermometer, c, or (which is still better) one of the balls 
of a differential thermometer, be situated ; and in that of the oth- 
er, suspend a ball of iron, about four ounces in weight, and heated 
below ignition, or a small mattras of hot water, d ; having previ- 
ously interposed a screen before the thermometer. Immediately 
on withdrawing the screen, the depression of the column of li- 
quid, in the air thermometer, evinces an increase of temperature in 
the instrument. In this experiment, the caloric flows first from 
the heated ball on the nearest reflector ; from this it is transmit, 
ted, in parallel rays, to the surface of the second reflector, by 
which it is collected into a focus on the instrument. This is pre- 
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cisely the course that is followed by radiant light ; for if the flame 
of a taper be substituted for the iron ball, the image of the candle 
will appear precisely on that spot (a sheet of paper being pre- 
sented for its reception) where the rays of caloric were before con- 
centrated. 

(c) When a glass vessel, filled with ice or snow, is substitu- 
ted for the heated ball, the course of the coloured liquid in the 
thermometer will be precisely in the opposite direction ; for its 
ascent will show, that the air in the ball is cooled by this arrange- 
ment. This experiment, which appears, at first view, to indicate 
the reflection of cold, presents, in fact, only the reflection of heat 
in an opposite direction ; the ball of the thermometer being, in 
this instance, the hotter body. 

(d) In Mr. Leslie's " Enquiry into the Nature, &c. of Heat," 
a variety of important experiments are detailed, which show the 
influence of covering the reflectors with various substances, or of 
mechanically changing the nature of thjeir surfaces, on their pow- 
er of returning caloric. 

2. Caloric is refracted, also according to the same law that 
regulates the refraction of light. This interesting discovery we 
owe to Dr. Herschell, whose experiments and apparatus, however, 
cannot be understood without the assistance of a plate. For this 
reason, I refer to his paper in the 90th vol. of the Philosophical 
Transactions, or in the 7th vol. of the Philosophical Magazine. 

3. The nature of the surface of bodies has an important influ- 
ence over their power of radiating' caloric. 

To exhibit this influence experimentally, let a canister of 
planished block tin, forming a cube of six or eight inches, be pro- 
vided, having an orifice at the middle of its upper side, from half 
an inch to an inch diameter, and the same in height. This orifice 
is intended to receive a cap having a small hole, through which 
a thermometer is inserted, so that its bulb may reach the centre 
of the canister. Let one side of the canister be covered with 
black paint ; destroy the polish of another side, by scratching it 
with sand paper ; tarnish a third with quicksilver ; and leave the 
fourth bright. Then fill the vessel with boiling water. The ra- 
diation of caloric from the blackened side is so much more abun- 
dant than from the others, as to be even sensible to the hand. 
Place it before a reflector (fig. 45), in lieu of the heated iron ball 
already described. The thermometer, in the focus of the second, 
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reflector, will indicate the highest temperature, or most copious 
radiation of caloric, when the blackened side is presented to the 
reflector ; less when the tarnished or scratched side is turned to- 
wards it ; and least of all from the polished side. 

4. These varieties in the radiating power of different surfa- 
ces, are attended, as might be expected, with corresponding vari- 
ations in the rate of cooling. If water in a tin vessel, all of whose 
sides are polished, cools through a given number of degrees in 
eighty-one minutes, it will descend through the same number in 
seventy-two minutes, if the surface be tarnished with quicksilver. 
Water, also, enclosed in a clean and polished tin ball, cools about 
twice more slowly than water in the same ball covered with oiled 
paper. Blackening the surface with paint, on the same principle, 
accelerates greatly the rate of cooling. These facts teach us, that 
vessels, in which fluids are to be long kept hot, should have their 
surfaces brightly polished, and they explain, among other things, 
the superiority of metallic tea-pots over those of earthen ware. 

5. Radiant caloric is absorbed with different facility by differ- 
ent surfaces. This is only stating, in other terms, that surfaces 
arc endowed with various powers of reflecting caloric ; since the 
power of absorbing caloric is precisely opposite to that of reflect- 
ing it. Hence the best reflectors of heat will absorb the least. It 
may be proper, however, to offer some illustrations of the princi- 
ple under this form. 

(a) Expose the bulb of a sensible thermometer to the direct 
rays of the sun. On a hot summer's day it will probably rise, in 
this climate, to 108°. (Watson's Essays, v. 193.) Cover it with 
Indian ink, and again expose it in a similar manner. During the 
evaporation of the moisture it will fall ; but as soon as the coating 
becomes dry, it will ascend to 118°, or upwards, of Fahrenheit, or 
10° higher than when uncovered with the pigment. This cannot 
be explained, by supposing that the black coating is gifted with 
the power of retaining caloric, and preventing its escape ; because, 
from experiments already related, it appears, that a similar 
coating accelerates the cooling of a body to which it is applied. 

(b) Colour has considerable influence over the absorption of 
caloric. This is shown by the following very simple experiment 
of Dr. Franklin. 

On a winter's day, when the ground is covered with snow, take 
four pieces of woollen cloth, of equal dimensions but of different 
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colours, viz. black, blue, brown, and white, and lay them on the 
surface of the snow, in the immediate neighbourhood of each oth- 
er. In a few hours, the black cloth will have sunk considerably 
below the surface ; the blue almost as much ; the brown evident- 
ly less ; and the white will remain precisely in its former situa- 
tion. Thus it appears, that the sun's rays are absorbed by the 
dark coloured cloth, and excite such a durable heat, as to melt 
the snow underneath ; but they have not the power of penetrating 
the white. Hence the preference, generally given to dark colour- 
ed cloths during the winter season, and to light coloured ones in 
summer, appears to be founded on reason. 

(c) This experiment has been varied by Mr. Davy, in a man- 
ner which may be repeated at any season of the year. Take six 
similar pieces of sheet copper, each about an inch square, and col- 
our the one white, another yellow, a third red, the fourth green, 
the fifth blue, and the sixth black. On the centre of one side of 
each piece, put a small portion of a mixture of oil and wax, or ce- 
rate, which melts at about 76°. Then expose their coloured sur- 
faces, under precisely equal circumstances, to the direct rays of 
the sun. The cerate on the black plate will begin to melt percep- 
tibly before the red ; the blue next ; then the green and the red ; 
and, lastly, the yellow. The white will scaixely be affected, when 
the black is in complete fusion. 

Caloric passes, also, but much more slowly, through solid and 
liquid bodies, which are then termed, conductors of caloric. 

1. Solid bodies convey heat in all directions, upwards, down- 
wards, and laterally ; as may be shown, by heating the middle of 
an iron rod, and holding it in different directions. 

2. Some bodies conduct caloric much more quickly than oth- 
ers. Coat two rods, of equal length and thickness, the one of 
glass, the other of iron, with wax, at one end of each only ; and then 
apply heat to the uncoated ends. The wax will be melted vastly 
sooner from the end of the iron rod, than from the glass one ; 
which shows, that iron conducts heat more quickly than glass. 

Even the different metals possess very different powers of 
conducting caloric. An approximation to the degree in which 
they possess this property, may be attained by the following meth- 
od, originally employed by Dr. Ingenhouz. Procure several sol- 
id cylinders, or rods, of the same size and shape, but of different 
metals. They may be six inches long, and one 4th of an inch 
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in diameter. Coat them, within about an inch of one end, with 
bees-wax, by dipping them into this substance when melted, and 
allowing the covering to congeal. Let an iron heater be provid- 
ed, in which small holes have been drilled, that exactly receive 
the clean ends of the cylinders. Alter heating it below ignition, 
insert the cylinders in their places. The conducting power may 
be estimated by the length of wax coating melted from each in a 
given time. According to the experiments of Dr. Ingenhouz, the 
metals may be arranged in the following order : Silver possesses 
the highest conducting power ; next gold ; then copper and tin, 
which are nearly equal ; and, below these, platina, iron, steel, and 
lead, which are greatly inferior to the rest. 

It is chiefly owing to the different conducting powers of bod- 
ies, that they affect us, when we touch them, with different sensa- 
tions of cold. Thus, if we apply the hand in succession to a num- 
ber of bodies (as a piece of wood, another of marble, &c), they 
appear cold in very different degrees. And as this sensation is 
occasioned by the passage of caloric, out of the hand into the body 
which it touches, that body will feel the coldest, which carries 
away heat the most quickly ; or which, in other words, is the best 
conductor. For the same reason, of two bodies which are heated 
to the same degree, and both considerably above the hand? the 
best conductor is the hottest to the touch. Thus the money in 
our pockets often feels hotter than the clothes which contain it. 

3. Liquids and aeriform bodies convey heat on a different prin- 
ciple from that observed in solids, viz. by an actual change in the 
situation of their particles. That portion of the fluid, which is 
nearest to the source of heat, is expanded, and becoming specifical- 
ly lighter, ascends, and is replaced by a colder portion from above. 
This, in its turn, becomes heated and dilated, and gives way to a 
second colder portion ; and thus the process goes on, as long as 
the fluid is capable of imbibing heat. 

(a) Take a glass tube, eight or 10 inches long, and about an 
inch in diameter. Pour into the bottom part, for about the depth 
of an inch, a little water tinged with litmus, and then fill up the 
tube- with common water, pouring on the latter extremely gently, 
so as to keep the two strata quite distinct. If the upper part of 
the tube be first heated, the coloured liquor will remain at the bot- 
tom. But if the tube be afterwards heated at the bottom, the in? 
fusion will ascend, and will tinge the whole mass of fluid. 
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(b) Into a cylindrical glass jar, four inches diameter, and 12 or 
14 deep, let a circular piece of ice be fitted 3| inches thick, and 
of rather less diameter than the jar. Or water may be poured in- 
to the jar to the depth of 3| inches, and allowed to congeal by ex- 
posure to a freezing atmosphere, or by surrounding it with a mix- 
ture of snow and salt. The ice is to be secured in its place by two 
slips of wood, crossing each other like two diameters of a circle, 
set at right angles to each other. Pour, over the cake of ice, wa* 
ter of 32° temperature, to the depth of two inches ; and on its 
surface let there float a shallow circular wooden box, perforated 
with holes. From the cock of a tea-urn, filled with boiling water, 
and raised so that its spout may be above the top of the jar, sus- 
pend a number of moistened threads, the lower ends of which 
must rest on the surface of the box. By this arrangement, when 
the cock is turned, the hot water will trickle down the threads, 
and will have its fall considerably broken. It will then spread over 
the surface of the box, and pass through the perforated holes to 
the cold water beneath, over which it will float without mixing with 
it. Let the jar be thus completely filled with hot water. The icfe 
will remain unmelted for several hours at the bottom of the vessel. 

(c) Fill a similar jar with hot water ; and, having provided a 
cake of ice, of equal size with the former one, let it be placed on 
the surface of the water. In about three minutes, the whole will 
be melted. Both these experiments are more striking, if the wa- 
ter, used for forming the cakes of ice, be previously coloured 
with litmus ; for, in the latter experiment, the descending currents 
of cold water are thus made apparent. 

(d) These experiments may be varied, by freezing, in the bot- 
tom of a tube one inch wide, a portion of water, about two inches 
in depth. Then fill the tube with water of common temperature, 
and hold it inclined over an Argand's lamp, so that the upper 
portion only of the tube may be heated. When thus disposed, 
the water may be made to boil violently at the surface, and yet 
the ice will not be melted. But if the experiments be reversed, 
and (the ice floating on the surface) heat be applied to the bottom 
of the tube, the ice will be liquified in a few seconds. 

(e) Substituting water of the temperature of 41° for the boil- 
ing water used in experiment (c), Count Rumford found, that, in 
a given time, a much greater quantity of ice was melted by the 
cooler water. This appears, on first view, rather paradoxical. 
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The fact, however, is explained by a remarkable property of wa- 
ter, viz. that when cooled below 40° it ceases to contract, and ex- 
periences, on the contrary, an enlargement of bulk. Water, 
therefore, at 40° (at the bottom of which is a mass of ice at 32°) 
is cooled by contact with the ice, and is expanded at the same 
moment. It therefore ascends, and is replaced by a heavier and. 
warmer portion from above. 

It is a consequence of the same property that the surface of a 
deep lake is sometimes covered with ice, even when the water 
below is only cooled to 40° ; for the superficial water is specifi- 
cally lighter than the warmer water beneath it, and retains its 
place, till it is changed into ice. This property of water is one of 
the most remarkable exceptions to the law, that bodies are ex- 
panded by an increase, and contracted by a diminution of temper- 
ature. 

From these facts, Count Rumford concluded, that water is a 
perfect non-conductor of caloric, and that it propagates caloric on- 
ly in one direction, viz. upwards, in consequence of the motions 
which it occasions among the particles of the fluid. The Count 
inferred also, that if these motions could be suspended, caloric 
would cease to pass through water ; and, with the view of deci- 
ding this question, he made the following experiments, which ad- 
mit of being eacily repeated. A cylindrical tin vessel must pre- 
viously be provided, two inches in diameter, and 2-| inches deep, 
having a moveable cover, perforated with a small aperture, for 
transmitting the stem of a thermometer, which is to be inserted 
so that its bulb may occupy the centre of the vessel. 

(/) Fill this vessel with water of the temperature of the at- 
mosphere ; let the cover be put in its place ; and let the whole 
apparatus, except the scale of the thermometer, be immersed in 
water, which is to be kept boiling over a lamp. Observe how 
long a time is required to raise the water from its temperature at 
the outset to 180°, and remove it from its situation. Note, also, 
how long it takes to return to its former temperature. 

(g) Repeat the experiment, having previously dissolved in the 
water 200 grains of common starch. The thermometer will now 
require about half as long again to arrive at the same tempera- 
ture. A similar retardation, and to a greater amount, is produc- 
ed by the mixture of eider-down, cotton-wool, and various other 
substances, which are not chemically soluble in water, and which 
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can diminish its conducting power in no other way than by obstruct- 
ing the motion of its particles. 

This inference, however, respecting the complete nonconducting 
power of water, has been set aside by the subsequent inquiries of 
Dr. Thomson and Mr. Murray, especially by a most decisive experi- 
ment of the latter. To establish the conducting power of water, 
it was justly deemed indispensable, that caloric should be proved to 
be propagated through that fluid downwards. This, on actual trial, 
it appeared to be ; but it was objected, that the sides of the con- 
taining vessel might be the conductor. To obviate this objection, 
Mr. Murray contrived to congeal water into the form of a jar capa- 
ble of holding liquids. This was separately filled with linseed oil 
and with mercury. At a proper distance below the surface, the 
bulb of a thermometer was placed ; and on the surface of the liquid 
rested a flat iron vessel, containing hot boiling water. Under these 
circumstances, the thermometer invariably rose ; and though it as- 
cended only a very few degrees, yet it must be recollected that the cool- 
ing power of the sides of the vessel would effectually prevent any 
considerable elevation of temperatu re. This experiment, in con- 
junction with others, decisively proves, that water is a conductor, 
though a slow or imperfect one, of caloric. 



SECTION III. 

Caloric the Cause of Fluidity. 

I. The tem/ierature of melting snow, or of thawing ice, is uni- 
formly the same at all times, and in all f daces. — This may be ascer- 
tained by the thermometer, which will always, when immersed in 
liquefying ice or snow, point to 32° of Fahrenheit, whatsoever may- 
be the height of the barometer, or the elevation, above the sea, 
of the place where the experiment is made. (Shuckburgh, Philo- 
sophical Transactions, lxix.) 

II. The sensible heat, or temperature of ice, is not changed by 
liquefaction. — A thermometer in pounded ice stands at 32°, and at 
the very same point in the water which results from the liquefaction 
of ice. 

III. Yet ice, during liquefaction, must absorb much caloric. — Ex- 
pose a pound of water at 32°, and a pound of ice at 32°, in a room, 
the temperature of which is several degrees above the freezing 
point, and uniformly the same during the experiment. The water 
will arrive at the temperature of the room, several hours before the 

Vol. I. 13 
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ice is melted ; and the melted ice -will have, as before its liquefac- 
tion, the temperature of 32°. Yet the ice must, during the whole of 
this time, have been imbibing caloric, because (according to Experi- 
ment IV. § 1.) a colder body can never lie in contact with a warm- 
er one, without receiving caloric from it. The caloric, therefore, 
which has entered the ice, but is not to be found in it by the ther- 
mometer, is said to have become latent. As it is the cause of the 
liquefaction of the ice, it is sometimes called caloric of fluidity. 

IV. The quantity of caloric that enters into a pound of ice, and 
becomes latent, during liquefaction, may be learned by exjieri- 
ment. — To a pttttd of water, at 172°, add a pound of ice at 32°. 
The temperatulPwill not be the arithmetical mean (102°), but much 
below it, -viz. 32°. All the excess of caloric in the hot water has 
therefore disappeared. From 172° take 32° ; the remainder, 140°, 
shows the quantity of caloric that enters into a pound of ice during 
liquefaction ; that is, as much caloric is absorbed by a pound of ice, 
during its conversion into water, as would raise a pound of water from 
32° to 172°. 

It is -from the property of its uniformly absorbing the same 
quantity of caloric for conversion into water, that ice has been in- 
geniously applied, by Lavoisier and Laplace, to the admeasurement 
of the heat, evolved in certain operations. Let us suppose the body 
(from which the caloric, evolved either by simple cooling or com- 
bustion, is to be measured) to be inclosed in a hollow sphere of ice, 
with an opening at the bottom. When thus placed, the heat, which 
is given out, will be all employed in melting the ice; and will pro- 
duce this effect in direct proportion to its quantity. Hence the 
quantity of ice, which is converted into water, will be an accurate 
measure of the caloric, that is separated from the body submitted 
to experiment. In this way, Lavoisier ascertained that equal weights 
of different combustible bodies melt, by burning, very different 
weights of ice. The apparatus which he employed for this purpose, 
he has called the calorimeter. Its construction can scarcely be un- 
derstood without the plate, which accompanies the description in 
his " Elements of Chemistry." 

V. Other examples of the absorption of caloric, during the li- 
que, action of bodies, are furnished , by the mixture of snow and nitric 
acid, or of snow and common salt, both of which, in common lan- 
guage, produce intense cold.* 

1 . Dilute a portion of nitric acid with an equal weight of water ; 
and, when the mixture has cooled, add to it a quantity of light fresh- 

* The extraordinary powers of muriate of lime and snow, in generating 
cold, will be described hereafter. 
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fallen snow. On immersing the thermometer in the mixture, a 
very considerable reduction of temperature will be observed. This 
is owing to the absorption, and intimate fixation, of the free caloric 
of the mixture, by the liquefying snow. 

2. Mix quickly together equal weights of fresh-fallen snow at 
52°, and of common salt cooled, by exposure to a freezing atmos- 
phere, down to 32°. The two solid bodies, on admixture, will 
rapidly liquefy ; and the thermometer will sink 32°, or to ; or, ac- 
cording to Sir C. Blagden, to 4° lower. (Philosophical Transactions, 
lxxviii. 281.) To understand this experiment, it must be recollect- 
ed, that the snow and salt, though at the freezing temperature of 
water, have each a considerable poition of uncombined caloric. 
Now salt has a strong affinity for water ; but the union cannot take 
place while the water continues solid. In order, therefore, to act 
on the salt, the snow absorbs all the free caloric required for its 
liquefaction; and during this change, the free caloric, both of the 
snow and of the salt, amounting to 32°, becomes latent, and is con- 
cealed in the solution. This solution remains in a liquid state at 0, 
or 4° below of Fahrenheit ; but if a greater degree of cold be ap- 
plied to it, the salt separates in a concrete form. 

3. Most neutral salts, also, during solution in water, absorb much 
caloric ; and the cold, thus generated, is so intense as to freeze wa- 
ter, and even to congeal mercury. The former experiment, how- 
ever (-viz. the congelation of water), may easily be repeated on a 
summer's day. Add to 32 drachms of water, 1 1 drachms of muri- 
ate of ammonia, 10 of nitrate of potash, and 16 of sulphate of soda, 
all finely powdered. The salts may be dissolved separately, in the 
order set down. A thermometer, put into the solution, will show , 
that the cold produced is at or below freezing ; and a little water, 
in a thin glass tube, being immersed in the solution, will be frozen 
in a few minutes. Various other freezing mixtures are described 
in Mr. Walker's papers in the Philosophical Transactions for 1787, 
38, 89, 95, and 1801. Of these the table, given in the Appendix, 
lor which I am indebted to the obliging communication of the au- 
thor, contains an arranged abstract. 

4. Muriate of lime, when mixed with snow, produces a most 
intense degree of cold. This property was discovered some yeaii 

v M. Lovitz, of St. Petcrsburgh, and has been since applied, in 
this country, to the congelation of mercury on a very extensive scale. 
The proportions which answer best, are about equal weights of the 
salt finely powdered, and of fresh-fallen and light snow. On mixing 
together, and immersing a thermometer in the mixture, the 
mercury sinks with great rapidity. For measuring exactly the 
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cold produced, a spirit-thermometer, graduated to 50 Q below of 
Fahrenheit, or still lower, should be employed. A few pounds of the 
salt are sufficient to conceal a large mass of mercury. By means of 
13 pounds of the muriate and an equal weight of snow, Messrs. 
Pepys and Allen froze 56 pounds of quicksilver into a solid mass. 
The mixture of the whole quantity of salt and snow, however, was not 
made at once, but part was expended in cooling the materials them- 
selves. 

On a small scale it may be sufficient to employ two or three 
pounds of the salt. Let a few ounces of mercury, in a very thin glass 
retort, be immersed, first in a mixture of one pound of each ; and, 
when this has ceased to act, let another similar mixture be prepared. 
The second will never fail to congeal the quicksilver. 

In plate iv. fig. 42, a very simple and cheap apparatus is repre- 
sented, which I have generally employed to freeze mercury. The 
dimensions will be given in the description of the plates. (See Ap- 
pendix.) 

The salt thus expended may be again evaporated, and crystalliz- 
ed for future experiments. 

The reader, who wishes for farther particulars respecting these ex- 
periments, is referred to the Philosophical Magazine, vol. iii. p. 76. 

VI. On the contrary, liquids, in becoming solid, evolve or give out 
caloric, or, in common language, produce heat. 

1 . Water, if kept perfectly free from agitation, may be cooled 
down several degrees below 32° ; but, on shaking it, it immediately 
congeals, and the temperature rises to 32°. 

2. Expose t6 the atmosphere, when at a temperature below freez- 
ing (for example, at 25° of Fahrenheit), two equal quantities of water, 
in one only of which about a fourth of its weight of common salt has 
been dissolved. The saline solution will be gradually cooled, without 
freezing, to 25°. The pure water will gradually descend to 32°, and 
will there remain stationary a considerable time before it congeals. 
Yet while thus stationary, it cannot be doubted, that the pure water is 
yielding caloric to the atmosphere equally with the saline solution ; 
for it is impossible that a warmer body can be surrounded by a cooler 
one, without imparting caloric to the latter. The reason of this 
equable temperature is well explained by Dr. Crawford. (On Heat, 
p. 80). Water, he observes, during freezing, is acted upon by two 
opposite powers : it is deprived of caloric by exposure to a medium, 
whose temperature is below 32° ; and it is supplied with caloric, by 
the evolution of that principle from itself, viz. of that portion which 
constituted its fluidity. As these powers are exactly equal, the tern- 
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perature of the water must remain unchanged, till the caloric of flu- 
idity is all evolved. 

3. The evolution of caloric, during the congelation of water, is 
well illustrated by the following experiment of Dr. Crawford : — Into 
a round tin vessel put a pound of powdered ice ; surround this by a 
mixture of snow and salt in a larger vessel ; and stir the ice in the in- 
ner one, till its temperature is reduced to + 4° of Fahrenheit. To 
the ice thus cooled, add a pound of water at 32°. One 5th of this 
will be frozen ; and the temperature of the ice will rise from 4° to 
32°. In this instance, the caloric, evolved by the congelation of the 
one 5th of a pound of water, raises the temperature of a pound of 
ice 28°. 

4. If we dissolve sulphate of soda in water, in the proportion of 
one part to five, and surround the solution by a freezing mixture, it 
cools gradually down to 3 1°. The salt, at this point, begins to be de- 
posited, and stops the cooling entirely. This evolution of caloric, 
during the separation of a salt, is exactly the reverse of what hap- 
pens during its solution. (Blagden, Philosophical Transactions, 
lxxviii. 290.) 

5. To a saturated solution of sulphate of potash in Avater, or of 
any salt that is insoluble in alcohol, add an equal measure of alcohol. 
The alcohol, attracting the water more strongly than the salt retains 
it, precipitates the salt, and considerable heat is produced. 

SECTION IV. 

Caloric the Cause of Vapour. 

I. Every liquid, when of the same degree of chemical purity, and 
under equal circumstances of at?nosphcric pressure, has one peculiar 
point of temperature, at which it invariably boils. — Thus, pure wa- 
fer always boils at 212°, alcohol at 176°, and ether at 98° Fahrenheit ; 
and, when once brought to the boiling point, no liquid can be made 
hotter, however long the application of heat be continued. The boil- 
ing point of water may be readily ascertained, by immersing a ther- 
mometer in water boiling over the fire. As there is some danger in 
applying heat directly to a vessel containing either ether or alcohol, 
the ebullition of these fluids may be shown, by immersing the vessel 
containing them in water, the temperature of which may be gradual- 
ly raised. The appearance of boiling is owing to the formation of 
vapour at the bottom of the vessel, and its escape through the heated 
fluid above it. That the steam, which escapes, is actually formed at 
the bottom, and not at the top of the water, may be seen by boiling 
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some water in a Florence flask, or other transparent vessel, over an 
Argand's lamp. The bubbles of vapour will all ascend from the bot- 
tom of the vessel. 

II. Steam has actually the same temperature as boiling water.— 
Let a tin vessel be provided, having two holes in its cover, one of 
which is just large enough to admit the stem of a thermometer. 
Fill it partly with water, and let the bulb of the thermometer be an 
inch or two above the surface of the water, leaving the other aperture 
open for the escape of vapour. When the water boils, the thermom- 
eter, surrounded by steam, will rise to 212°, which is precisely the 
temperature of the water beneath : yet water, placed on a fire, con- 
tinues to receive heat, very abundantly, even when boiling hot ; and 
as this heat is not appreciable by the thermometer, it must exist in the 
steam, in a latent state. 

Perfectly formed steam is entirely invisible. We may satisfy our- 
selves of this by boiling strongly a small quantity of water in a flask ; 
for complete transparency will exist in the upper part of the vessel. 
It is only when it begins to be condensed, that steam becomes visible. 
We have a proof, also, of the same fact in the thick fogs, which arc 
produced by a sudden transition from warm to cold weather ; the va- 
pour, which was imperceptible at the higher temperature, being con- 
densed and rendered visible by the lower. 

III. The boiling point of the same Jluid -varies, under different 
degrees of atmospheric pressure. — Thus, water, which has been re- 
moved from the fire, and ceased to boil, has its ebullition renewed, 
when it is placed under a receiver, the air of which is quickly exhaust- 
ed by an air pump. Alcohol and ether, confined under an exhaust- 
ed receiver, boil violently at the temperature of the atmosphere. In 
general, liquids boil in vacuo, with about 140° less of heat, than are 
required under a mean pressure of the atmosphere. (Black's Lec- 
tures, i. 151.) Even the ordinary variations in the weight of the air, 
as measured by the barometer, are sufficient to make a difference in 
the boiling point of water of about 5° between the two extremes.* On 
ascending considerable heights, as to the tops of mountains, the boil- 
ing point of water gradually falls on the scale of the thermometer. 
Thus on the summit of Mount Blanc, water was found by Saussure 
to boil at 187° Fahrenheit. 

The influence of a diminished pressure in facilitating ebullition, 
may be inferred also from the following very simple experiment : 
Place, over a lamp, a Florence flask, about three 4ths filled with wa- 
ter ; let it boil briskly during a few minutes ; and, immediately on 
removing it from the lamp, cork it tightly, and suddenly invert it. 

• Sir G. Shuckburgh, in Philosophical Transactions, lxsix. 375. 
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The water will now cease to boil ; but, on cooling the convex part of 
the flask by a stream of cold water, the boiling will be renewed. Ap- 
plying boiling water from the spout of a tea-kettle to the same part 
of the flask, the water will again cease to boil. This renewal of the 
ebullition, by the application of cold (an apparent paradox), is ow- 
ing to the formation of an imperfect vacuum over the hot water, by 
the condensation of steam ; and the suspension of the boiling, on re- 
applying the heat, to the renewed pressure on the surface of the hot 
water, occasioned by the formation of fresh steam. [See note 10 at 
the end of this vol.] 

From these facts, it may be inferred, that the particles of caloric 
are mutually repulsive, and that they communicate this repulsive ten- 
dency to other bodies in which caloric is contained. This repulsive 
power tends to change solids into fluids, and liquids into aeriform 
bodies, and is chiefly counteracted by the pressure jfrf the atmosphere. 

Were this counteracting cause removed, many bodies which at 
present have a liquid form, would cease to be such, and would be 
changed into a gaseous state. Precisely the same effect, therefore, 
results from the prevalence of either of these forces. Add to certain 
liquids a quantity of caloric, in other words, place them in a high tem- 
perature, and they are immediately converted into gases : or, their 
temperature remaining the same, diminish the weight of the atmos- 
phere ; and the caloric, which they naturally contain, exerts its repul- 
sive tendency with equal effect, and they are in like manner convert- 
ed into gases. These facts are best shown by the following experi- 
ments on ether : 

1. Ether, at the temperature of 104° [See note 1 1 at the end of this 
vol.] exists in the state of a gas. This maybe shown by filling ajar with 
water of this temperature, and inverting it in a vessel of the same. Then 
introduce a little ether, by means of a small glass tube closed at one 
end. The ether will rise to the top of the jar, and in its ascent will 
be changed into gas, filling the whole jar with a transparent invisible 
elastic fluid. On permitting the water to cool, the ethereal gas is 
condensed, and the inverted jar again becomes filled with water. 

2. Ether is changed into gas by diminishing the weight of the at- 
mosphere. Into a glass tube, about six inches long, and half an inch 
in diameter, put a tea-spoonful of ether, and fill up the tube with wa- 
ter ; then, pressing the thumb on the open end of the tube, place it, 
inverted, in a jar of water. Let the whole be set under the receiver 
of an air pump, and the air exhausted. The ether will be changed 
into gas, which will expel the water entirely from the tube. On re- 
admitting the air into the receiver, the gas is again condensed into a 
liquid form. 
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IV. On the contrary, by considerably increasing the pressure, 
•water may be heated to above 400° Fahrenheit, without being chang* 

ed into -va/iour This experiment requires, for its pcrfoimance, a 

strong iron vessel, called a Papin's digestor, a plate of which may he 
seen in Gren's Chemistry. That the boiling point of water, and the 
temperature of steam, are raised by an increased pressure, may be 
shown, however, by means of the small boiler, represented plate v. fig. 
46, which will be found extremely useful in experiments on this sub- 
ject. Its precise size, and directions for its construction, will be giv- 
en in the Appendix. 

On the cock c may be screwed occasionally, a valve, loaded in the 
proportion of 1 4 pounds to the square inch. The boiler being rath- 
er more than half filled with Avater, and the perforated cap d being 
screwed into its place, the ball of the thermometer will be an inch or 
more above the surface of the water, and will indicate its tempera- 
ture, as well as that of the steam, both being, necessarily, in all cases, 
precisely the same. Allowing the steam to escape through the cock 
c, before affixing the valve, the temperature of the steam, under a 
mean atmospheric pressure, will be 212°. When an additional at- 
mosphere is added by the weighted valve, it will rise to above 240° ; 
by a valve twice as heavy as the first, or loaded in the proportion of 28 
pounds to the square inch, the temperature of the steam will be rais- 
ed to nearly 270°. This is as far as it is safe to carry the experiment ; 
but by substituting a strong iron vessel, the numbers have been ob- 
tained, which will be found in the form of a table, in the Appendix. 

V. The absorption of caloric, during evaporation, shown by ex- 
periment. — Moisten a thermometer with alcohol, or with ether, and 
expose it to the air, repeating these operations alternately. The 
mercury of the thermometer will sink at each exposure, because the 
volatile liquor during evaporation, robs it of its heat. In this way 
(especially with the aid of an apparatus described by Mr. Cavallo, in 
the Philosophical Transactions, 1781, p. 509), water may be frozen in 
a thin and small glass ball, by means of ether. The same effect may 
be obtained, also, by immersing a tube, containing water at the bot- 
tom, in a glass of ether, which is to be placed under the receiver of 
an air pump ; or the eiher may be allowed to float on the surface of 
the water. During the exhaustion of the vessel, the ether will evap- 
orate rapidly ; and, robbing the water of heat, will completely freeze- 
it ; thus exhibiting the singular spectacle cf two fluids in contact with 
each other, one of which is in the act of boiling, and the other of 
freezing, at the same moment. [See note 1 2 at the end of this vol.] 

VI. The fixation of caloric in water, by its conversion into steam, 
may be shown by the following experiments : — 1. Let a pound of 
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water at 212°, and eight pounds of iron filings at 300°, be suddenly 
mixed together. A large quantity of vapour will be instantly gener- 
ated ; and the temperature of the mixture will be only 212*; but that 
of the vapour produced, is also not more that 2 1 2° ; and the steam 
must therefore contain, in a latent or combined form, all the caloric 
which raised the temperature of eight pounds of iron filings from 
212° to 300°. 

2. The quantity of caloric, which thus becomes latent during the 
formation of steam, may be approximated, by repeating the following 
experiment of Dr. Black : He placed two cylindrical flat bottomed 
vessels of tin, five inches in diameter, and containing a small quantity 
of water at 50°, on a red hot iron plate, of the kind used in kitchens. 
In four minutes the water began to boil, and in twenty minutes the 
whole was boiled away. In four minutes, therefore, the water receiv- 
ed 162° of temperature, or 40 j° in each minute. If we suppose, 
therefore, that the heat continues to enter the water at the same rate, 
during the whole ebullition, we must conclude that 40|-°x 20° = 
810° have entered the water, and are contained in the vapour. 

It has been found by experiment that"75 pounds of Newcastle coal, 
or 100 pounds of coal of medium quality, applied in the best manner, 
are required for the vaporization of 12 cubic feet, or about 89| wine 
gallons, of water. A pound of coal, on the average, may be consider- 
ed as equivalent to convert a gallon of water into vapour. 

VII. Water, by conversion into steam, has its bulk prodigiously 
enlarged, viz. according to Mr. Watt's experiments, about 1800 
times.— A cubic inch of water (or 252 grains) occupies, therefore, 
when converted into steam, the space of rather more than a cubic foot. 
Hence its specific gravity, under the ordinary pressure of the air, is to 
that of common air, nearly as 450 to 1000. 

VIII. On the contrary, vapours, during their conversion into a 
liquid form, evolve, or give out, much caloric. — The heat given out, 
by the condensation of steam, is rendered apparent by the following 
experiment : Mix 100 gallons of water at 50°, with 1 gallon of 
water at 2 12°. The temperature of the water will be raised about 
1 »°. Condense, by a common still-tub, 1 gallon of water, from 
the state of steam, by 100 gallons of water, at the temperature 
of 50°. The water will be raised 11°. Hence, 1 gallon of wa- 
ter, condensed from steam, raises the temperature of 100 gal- 
lons of cold water 9^° more than 1 gallon of boiling water ; and, 
by an easy calculation, it appears, that tl*e caloric imparted to the 100 
gallons of cold water by 8 pounds of steam, if it could be condensed in 
1 gallon of water, would raise it to 950°. (Black's Lectures, i. 1*9.) 

Vol. I. 14 
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For exhibiting the same fact, by means of a small apparatus, 
which may be placed on a table, and with the assistance only of a 
lamp, the boiler already described (fig. 46) will be found extremely 
well adapted. The right angled pipe e must be screwed, however, 
into its place, and must be made to terminate at the bottom of a jar, 
containing a known quantity of water of a given temperature. This 
conducting pipe and the jar should be wrapped round with a few folds 
of flannel. The apparatus being thus disposed, let the water in the 
boiler be heated by an Argand's lamp, with double concentric wicks, 
till steam issues in considerable quantity through the cock c, which 
is then to be closed. The steam will now pass through the right an- 
gled pipe into the water contained in the jar, which will condense the 
steam, and will have its temperature very considerably raised. As- 
certain the augmentation of temperature and weight ; and the result 
will show, how much a given weight of water has had its temperature 
raised by a certain weight of condensed steam. To another quantity 
of water, equal in weight and temperature to that contained in the jar 
at the outset of the experiment, add a quantity of water at 212°, equal 
in weight to the condensed steam ; it will be found, on comparison of 
the two resulting temperatures, that a given weight of steam has pro- 
duced, by its condensation, a much greater elevation of temperature, 
than the same quantity of boiling water. This will be better under- 
stood by the following example, taken from actual experiment : 

Into eight ounces of water, at 50° Fahrenheit, contained in the 
glass jar/, fig. 46, steam was passed from the boiler, till the temper- 
ature of the water in the jar rose to 173°. On weighing the water, 
it was found to have gained 8-| drachms; that is, precisely 8£ 
drachms of steam had been condensed, and had imparted its heat to 
the water. — To facilitate the explanation of this experiment, it is nec- 
essary to premise the following remarks. 

To measure the whole quantities of caloric contained in different 
bodies, is a problem in chemistry which has not yet been solved. 
But the quantities of caloric, added to, or subtracted from, different 
bodies (setting out from a given temperature) may, in many cases, be 
measured and compared with considerable accuracy. Thus, if, as 
has been already stated, two pounds of water at 120° be mixed with 
two pounds at 60°, half the excess of caloric in the hot water will 
pass to the colder portion ; that is, the hot water will be cooled 30°, 
unci the cold will receive 30° of temperature ; and if the experiment 
be conducted with proper precautions, 90°, the arithmetical mean of 
the temperature of the separate parts, will be the temperature of the 
mixture. If three pounds of water at 100° be mixed with one pound 
at 60°, we shall have the same quantity of heat as before, viz. fouv 
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pounds at 90°. Hence, if the quantity of water be multiplied by the 
temperature, the product will be a comparative measure of the 
quantity of caloric which the water contains, exceeding the zero of the 
thermometer employed. 

Thus, in the last example, 

3 X 100 = 300= the caloric above zero in the first portion. 

1 x 60= 60= the caloric above zero in the second do. 

The sum, 360=the caloric above zero in the mixture. 

Dividing 360 by 4, the whole quantity of water, we obtain 90°, the 
temperature of the mixture. 

This method of computation may be conveniently applied to a va- 
riety of cases. Thus, in the foregoing experiment, 8| drachms of 
steam at 212°, added to 64 drachms of water at 50°, produced 72| 
drachms of water at 173°. Now, 

72* x 173=12542£=whole heat of the mixture. 

heat of 64 drachms, one of the 
component parts. 



64 X 50 = 3200 = 



342 1 _ S neat °** 8 l drachms, the other 
component part. 



Therefore 93421 divided by 8A = 1099, should have been the tern- 
perature of the latter portion {viz. 8| drachms), had none of its heat 
been latent : and 1096— 212 = 887 gives the latent heat of the steam. 
This result does not differ more than might be expected, owing to 
the unavoidable inaccuracies of the experiment, from Mr. Watt's de- 
termination, which states the latent heat of steam at 900°, or from 
that to 950°. (Black's Lectures, i. 174.) Lavoisier, with the aid of 
the calorimeter, makes it 1000° or a little more. (Ibid. 175.) 

IX. The same weight of steam contains, whatever may be its 
density, the same quantity of caloric ; its latent heat being increased 
in exact proportion as its sensible heat is diminished ; and the re- 
verse.— This principle, though scarcely admitting of illustration by 
any easy experiment, is one of considerable importance ; and an igno- 
rance of it has been the occasion of many fruitless attempts to im- 
prove the economy of fuel in the steam engine. The fact, so far as 
respects steam of lower density than that of 30 inches of mercury, 
was long ago determined experimentally by Mr. Watt. (Black, i. 
190.) As the boiling point of liquids is known to be considerably re- 
duced under a diminished pressure, it seemed reasonable to suspect 
that, under these circumstances, steam might be obtained from them 
with a less expenditure of heat. Water, Mr. Watt found might ea- 
sily be distilled in vacuo when in the temperature of only 70° Fahrcn- 
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heit. But, by condensing steam formed at this temperature, and ob- 
serving the quantity of heat which it communicated to a given weight 
of water, he determined that its latent heat, instead of being only 950°, 
was between 1200° and 1300°. 

The same principle may be explained, also, by the following il- 
lustration, which was suggested to me by my Ewart. Let us sup- 
pose that in a cylinder, furnished with a piston, we have a certain 
quantity of steam, and that it is suddenly compressed, by a stroke of 
the piston, into half its bulk. None of the steam will in this case be 
condensed ; but it will acquire double elasticity, and its temperature 
will be considerably increased. Now if we either suppose the cylin- 
der incapable of transmitting heat, or take the moment instantly hol- 
lowing the compression before any heat has had time to escape, it 
must be evident that the sensible and latent heat of the steam, taken 
together before compression, are precisely equal to the sensible and 
latent heat taken together of the denser steam. But in the dense 
steam, the sensible heat is increased, and the latent heat proportion- 
ally diminished. The explanation of this fact will be furnished by a 
principle to be hereafter explained, that the capacities of elastic flu- 
ids for caloric are uniformly diminished by increasing their density. 

The large quantity of caloric, latent in steam, renders its applica- 
tion extremely useful for practical purposes. Thus, water may be 
heated, as in the foregoing experiment, at a considerable distance 
from the source of heat, by lengthening the conducting pipe e. This 
furnishes us with a commodious method of warming the water of 
baths, which, in certain cases of disease, it is of importance to have 
near the patient's bed-room ; for the boiler, in which the water is 
heated, may thus be placed on the ground floor, or in the cellar of a 
house; and the steam conveyed by pipes into an upper apartment. 
Steam may also be applied to the purpose of heating or evaporating 
water, by a modification of the apparatus. Fig. 46, g, represents the 
apparatus for boiling water by the condensation of steam, without add- 
ing to its quantity ; a circumstance occasionally of considerable im- 
portance. The steam is received between the vessel, which contains 
the water to be heated, and an exterior case ; it imparts its caloric tp 
the water, through the substance of the vessel ; is thus condensed, 
and returns to the boiler by the perpendicular pipe. An alteration of 
the form of the vessel adapts it to evaporation (fig. 46, h). This 
method of evaporation is admirably suited to the concentration of li- 
quids, that are decomposed, or injured, by a higher temperature 
than that of boiling water, such as medicinal extracts ; to the drying 
of precipitates, &c. In the employment of either of these vessels, it 
is expedient to surround it with some slow conductor of heat. On a 
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small scale, a few folds of woollen cloth are sufficient ; and when the 
vessel is constructed of a large size for practical use, this purpose is 
served by the brick work in Which it is placed. 



SECT. V. 

Specific Caloric. 

Equal weights of the same body, at the same temperature, 
contain the same quantities of caloric. But equal weights of dif- 
ferent bodies, at the same tempafature, contain unequal quantities 
of calorio. The quantity of caloric, which one body contains, com- 
pared with that contained in another, is called its specific caloric ; 
and the power or property, which enables bodies to retain different 
quantities of caloric, has been called capacity for caloric. The me- 
thod of determining the specific caloric, or comparative quantities of 
caloric in different bodies, is as follows : 

It has already been observed, that equal weights of the same 
body, at different temperatures, give, on admixture, the arithmetical 
mean. Thus, the temperature of a pint of hot water and a pint of 
cold, is, after mixture, very nearly half way between that of the 
two extremes. But this is not the case, when equal quantities of 
different bodies, at different temperatures, are employed. 

(a) If a pint of quicksilver at 100° Fahrenheit, be mixed with 
a pint of water at 40°, the resulting temperature will not be 70° (the 
arithmetical mean), but only 60°. Hence the quicksilver loses 40° 
of heat, which nevertheless raise the temperature of the water only 
20° ; in other words, a larger quantity of caloric is required to 
raise the temperature of a pint of water, than that of a pint of mer- 
cury, through the same number of degrees. Hence it is inferred, 
that water has a greater capacity for coloric than is inherent in quick- 
silver. 

(b) The experiment may be reversed, by heating the water to a 
greater degree than the quicksilver. If the water be at 100°, and 
the mercury at 40°, the resulting temperature will be nearly 80° ; 
because the pint of hot water contains more caloric, than is neces- 
sary to raise the quicksilver to the arithmetical mean. 

(c) Lastly, if we take two measures of quicksilver to one of wa- 
ter, it is of no consequence which is the hotter : for the resulting 
temperature is always the mean between the two extremes; for 
example, 70°, if the extremes be 100° and 40°. Here, it is manifest, 
that the same quantity of caloric, which makes one measure oi 
water warmer by 30°, is sufficient for making two measures" of 
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quicksilver warmer by the same number. Quicksilver has, there- 
fore, a less capacity than water for caloric, in the proportion, when 
equal measures are taken, of one to two. 

If, instead of equal bulks of quicksilver and water, we had taken 
equal weights, the disparity between the specific caloric of the 
mercury and water would have been still greater. Thus a pound 
of water at 100°, mixed with a pound of mercury at 40°, gives a tem- 
perature of 97±°, or 27£° above the arithmetical mean. In this ex- 
periment, the water, being cooled from 100° to 97^°, has lost a quan- 
tity of caloric reducing its temperature only 2-|° ; but this caloric, 
communicated to a pound of mercury, has produced, in its tempera- 
ture, a rise of no less than 57^°. Therefore, a quantity of caloric, 
necessary to raise the temperature of a pound of water 2^°, is suffi- 
cient to raise that of a pound of mercury 57^° ; or, by the rule of 
proportion, the caloric, which raises the temperature of a pound of 
water 1°, will raise that of a pound of quicksilver about 2S°. Hence 
it is inferred, that the quantity of caloric contained in water, is to that 
contained in the same weight of quicksilver as 23° to 1°. Or, stat- 
ing the caloric of water at 1°, that of quicksilver will be ^ part of 
1°, or 0-0435.* 

When this comparison is extended to a great variety of bodies, 
they will be found to differ very considerably in their capacities 
for caloric. The results of numerous experiments of this kind are 
comprised in a table of specific caloric. (See the Appendix.) 

The capacities of bodies for caloric influence, considerably, the 
rate at which they are heated and cooled. In general, those bodies 
are most slowly heated, and cool most slowly, which have the great- 
est capacities for heat.f Thus, if water and quicksilver be set, in 
similar quantities, and at equal distances before the fire, the quick- 
silver will be much more rapidly heated than the water ; and, on 
removal from the fire, it will cool with proportionally greater 
quickness than the water. By ascertaining the comparative rates oi 
cooling, we may even determine, with tolerable exactness, the specific 
caloric of bodies ; and particularly of one class (the gasscs), which 
are not easily campared in any other way. (See Leslie on Heat, 
chap, xxi.) 

* The above numbers, which differ from those commonly stated, are given 
on the authority of Mr. Dalton. 

| See Martine, on Heat, page 74 
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CHAPTER IV. 



OF LIGHT. 



The laws of light, so far as they relate to the phenomena of its 
movement, and to the sense of vision, constitute the science of op- 
tics ; and are the objects, therefore, not of Chemistry, but of Natu- 
ral Philosophy. Light, however, is capable of producing important 
chemical effects, and of entering into various chemical combinations. 
Its action is, for the most part, exerted in de-oxidizing bodies ; and 
facts of this kind cannot be perfectly understood, until two impor- 
tant classes of bodies have been described, -viz. those of oxides and of 
acids. In this place, therefore, I shall state only a few of its least 
complicated effects ; and shall trace its agency on different bodies, 
as they become the objects of experiment in the sequel. 

I. Light, in the state in which it reaches the organ of vision, it is 
well known, is not a simple body, but is capable of being divided, by 
the prism, into seven primary rays or colours, viz. red, orange, yel- 
low, green, blue, indigo, and violet. These are refrangible in the 
above order, the red being least refrangible, and the violet most so. 
The image formed by the different rays, thus separated, constitutes 

the SOLAR SPECTRUM. 

II. Heat and light are not present, in corresponding degrees, in 
different parts of the solar spectrum. With respect to the illuminat- 
ing power of each colour, Dr. Hcrschell found that the red rays are 
far from having it in an eminent degree. The orange possess more 
of it than the red ; and the yellow rays illuminate objects still more 
perfectly. The maximum of illumination lies in the brightest yellow 
or palest green. The green itself is nearly equally bright with the 
yellow ; but from the full deep green, the illuminating power de- 
creases very sensibly. That of the blue is nearly on a par with that 
of the red ; the indigo has much less than the blue, and the violet is 
very deficient. (Philosophical Transactions, 1800, page 267.) 

III. The heating power of the rays fellows a different order. — If 
the bulb of a very sensible air thermometer be moved in succession, 
through the differently coloured rays, it will be found to indicate 
the greatest heat in the red rays ; next in the green ; and so on, in 
a diminishing progression, to the violet. The precise effects of 
the different rays, determined by Dr. HerschelTs experiments, are 
as follows : 
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The thermometer rose 



t "~*- 

In the blue, in 3 minutes from 55° to 56° 

■ green, in 3 ■ 54 to 58 

— yellow, in 3 56 to 62 

full red, in 1\ _ 5 b to 72 

confines of red, in 1\ 58 to 73| 

IV. When the thermometer is removed entirely out of the con* 
fines of the red rays, but with its ball still in the line of the spectrum, 
it rises even higher than in the red rays ; and continues to rise, till re- 
moved half an inch beyond the extremity of the red rays. In this sit- 
uation, quite out of the visible light, the thermometer rose in 2^ min- 
utes from 61 to 79. The ball of the thermometer, employed for this 
purpose, should be extremely small,* and should be blackened with 
Indian ink. An air thermometer is better adapted than a mercurial 
one, to exhibit the minute change of temperature that ensues. These 
invisible heat-making rays may be reflected by the mirror, and 
refracted by the lens, exactly in the same manner as the rays of 
light. 

V. Beyond the confines of the spectrum on the other side, viz. a 
little beyond the violet ray, the thermometer is not affected ; but in 
this place it is remarkable, that there are also invisible rays of a differ- 
ent kind, which exert all the chemical effects of the rays of light, 
and with even greater energy. One of the chemical properties of 
light, it will hereafter be stated, is, that it speedily changes, from 
white to black, the fresh-precipitated muriate of silver. (See chap, 
xviii. sect. 4.) This effect is produced most rapidly by the direct 
light of the sun ; and the rays, as separated by the prism, have this 
property in various degrees. The blue rays, for example, effect a 
change of the muriate of silver in 15 seconds, which the red require 
SO minutes to accomplish ; and, generally speaking, the power dimin- 
ishes as we recede from the violet extremity. But entirely out of the 
spectrum, and beyond the violet rays, the effect is still produced. 
Hence it appears, that the solar beams consist of three distinct kinds 
of rays : of those that excite heat, and promote oxidation ; of illumi- 
nating rays ; and of DE-oxmiziNG rays. A striking illustration of 
the different power of these various rays is furnished, by their effect 
on phosphorus. In the rays beyond the red extremity, phosphorus is 
heated, smokes, and emits white fumes ; but these are presently sup- 

* Excellent thermometers for this purpose, and others requiring great sen- 
sibility, are made by Mr. Cricliton, of Glasgow, and Mr. Cary, of London. 
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pressed, on exposing it to the de-oxidizing rays, which lie beyond 
the violet extremity. 

VI. There is an exception, however, as stated by Dr. Wollaston, 
to the de-oxidizing power of the rays abovementioned. The sub- 
stance, termed gum-guaiacum, has the property, when exposed to 
the light, of changing from a yellowish colour to green ; and this ef- 
fect he has ascertained to be connected with the absorption of oxy- 
gen. Now in the most refrangible rays, which would fall beyond the 
violet extremity, he found that this substance became green, and was 
again changed to yellow by the least refrangible. This is precisely 
the reverse of what hapuens to muriate of silver, which is blackened, 
or de-oxidized, by the most refrangible ; and has its colour restored, 
or is again oxygenized, in the least refrangible rays. 

VII. Certain bodies have the property of absorbing the rays of 
light in their totality ; of retaining them for some time ; and of again 
evolving them unchanged, and unaccompanied by sensible heat. 
Thus, in an experiment of Du Fay, a diamond exposed to the sun, 
and immediately covered with black wax, shone in the dark, on re- 
moving the wax, at the expiration of several months. Bodies, gifted 
with this property, are called solar phosphori. Such are Canton's, 
Baldwin's, Homberg's, and the Bolognian phosphori, which will be 
described hereafter. To the same class belong several natural bod- 
ies, which retain light, and give it out unchanged. Thus snow is a 
natural solar phosphorus. So also is, occasionally, the sea when agi- 
tated ; putrid fish have a similar property ; and the glow-worm be- 
longs to the same class. These phenomena are independent of eve- 
ry thing like combustion ; for aitificial phosphori, after exposure to 
the sun's rays, shine in the day, when placed in the vacuum of an air- 
pump, or under water, 8cc, where no air is present to effect combus- 
tion. 

VIII. From solar phosphori, the extrication of light is facilitated 
by the application of an elevated temperature ; and, after having 
ceased to shine at the ordinary temperature, they again emit light 
when exposed to an increase of heat. Several bodies, which do not 
otherwise give out light, evolve it, or become phosphorescent, when 
heated. Thus, powdered fluate of lime becomes luminous, when 
thrown on an iron plate raised to a temperature rather above that of 
boiling water. The yolk of an egg, when dried, becomes luminous 
on being heated ; and so also does tallow during liquefaction. To ex- 
hibit the last mentioned fact, it is merely necessary to place a lump of 
tallow on a coal, heated below ignition, making the experiment in a 
tluik room. 

IX. Attrition, also, evolves light. Thus, two pieces of common 
Vol.I. 15 
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bonnet cane, rubbed strongly against each other in the dark, emit a 
faint light. Two pieces of borax have the same property much more 
remarkably. 

X. Light is disengaged in various cases of chemical combination. 
Whenever combustion is a part of the phenomena, this is well known 
to happen ; but light is evolved, also, in other instances, where no- 
thing like combustion goes forwards. Thus, fresh prepared pure 
magnesia, added suddenly to highly concentrated sulphuric acid, ex- 
hibits a red heat. 

XI. For measuring the relative intensities of light from various 
sources, an instrument has been contrived, called the photometer. 
That of Count Rumford, described in the 84th volume of the Philo- 
sophical Transactions, beirg founded on optical principles, docs not 
fall strictly within the province of this work. It is constructed on the 
principle, that the power of a burning body, to illuminate any defined 
space, is directly as the intensity of the light, and inversely as the 
square of the distance. If two unequal lights shine on the same sur- 
face at equal obliquities, and an opake body be interposed between 
each of them and the illuminated surface, the two shadows must dif- 
fer in intensity or blackness j for the shadow formed by intercepting 
the greater light will be illuminated by the lesser light only ; and, re- 
versely, the other shadow will be illuminated by the greater light ; 
that is, the stronger light will be attended with the deeper shadow. 
But it is easy, by removing the stronger light to a greater distance, to 
render the shadow, which it produces, not deeper than that of the 
smaller, or of precisely the same intensity. This equalization being 
effected, the quantity of light emitted by each lamp, or candle, will 
be as the square of the distance of the burning body from the white 
surface. 

The photometer of Mr. Leslie is founded on a different principle, 
viz. that light, in proportion to its absorption, produces heat. The 
degree of heat produced, and consequently of light absorbed, is meas- 
ured by the expansion of a confined portion of air. A minute des- 
cription of the ingenious instrument contrived by Mr. Leslie with 
this view, may be seen in his work on Heat, or in the 3d vol. of Nich- 
olson's 4to. Journal. In its construction, it bears a considerable re- 
semblance to the differential thermometer, already described, page 
83, and represented plate i. fig. 7. As both the balls of the latter in- 
strument, however, are transparent, no change ensues in the situation of 
the coloured liquid when it is exposed to the variations of light. But. 
in the photometer, one of the balls is rendered opake, either by ting- 
ing the glass, or by covering it with a pigment; and hence this 
ball, absorbing the incident light which passes freely through the 
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transparent one, the air included in it becomes warmer than that of 
the other ball, and, by its greater elasticity, forces the liquid up the 
opposite leg of the instrument. A graduated scale measures the 
amount of the effect ; and a glass covering defends the photometer 
from being influenced by the temperature of the atmosphere. 



CHAPTER V. 

OF GASES. 

SECTION I. 

Of the Apparatus far Gases. 

For performing the necessary experiments on gases, many arti- 
cles of apparatus are essential, that have not hitherto been described. 
It may assist the student in obtaining the necessary instruments, if a 
few of the most essential be here enumerated. In this place, howev- 
er, I shall mention such only, as are necessary in making a few gen- 
eral experiments on this interesting class of bodies. 

The apparatus, required for experiments on gases, consists part- 
ly of vessels fitted for containing the materials that afford them, and 
partly of vessels adapted for the reception of gases, and for submitting 
them to experiment. 

1. For procuring such gases as are producible without a very 
strong heat> glass bottles, furnished with ground stoppers and bent 
tubes, are sufficient (plate ii. fig. 18). Of these several will be re- 
quired, of different sizes and shapes, adapted to different purposes. 
If these cannot be procured, a Florence flask, with a cork perforated 
by a bent glass tube, or even by a tin pipe, will serve for obtaining 
some of the gases. 

Those gases that require, for their liberation, a red heat, may 
be procured, by exposing to heat the substance capable of affording 
them, in earthen retorts or tubes ; or in a gun barrell, the touch- 
hole of which has been accurately closed by an iron pin. To the 
mouth of the barrel must be affixed a glass tube, bent so as to convey 
the gases where it may be requisite. 

A very convenient apparatus, for obtaining such gases as cannot 
be disengaged without a red heat, is sold at the shops for philosoph- 
ical apparatus in London. It consists of a cast-iron retort, to which a 
jointed metallic conducting tube is fitted by grinding ; and by means 
of which the gas may be conveyed in any direction, and to any moder- 
ate distance. It is reprcsentecr, as placed, when in actual use, be- 
tween the bars of a common fire-grate (plate ix. fig. 85, a, b). 
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2. For receiving the gases, glass jars, of various sizes (fig. 21, 22, 
23), are required, some of which should be furnished with necks at 
the top, fitted with ground stoppers. Others should be provided with 
brass caps, and screws, for the reception of air-cocks (fig. 22). Of 
these last (the air-cocks), several will be found necessary ; and, to 
some of them, bladders, or elastic bottles, should be firmly tied, for 
the purpose of transferring gases. These jars will also be found 
extremely useful in the experiments on the properties and effects of 
the gases. Some of them should be graduated into cubical inches. 

To contain these jars, when in use, a vessel will be necessary, 
capable of holding a few gallons of water. This may either be of 
wood, if of considerable size ; or, if small, of tin, japanned or painted. 
Plate iv. fig. 41, ff exhibits a section of this apparatus, which has 
been termed the pneumato-chemical trough, or pneumatic cistern. 
Its size may vary with that of the jars employed ; and, about two or 
three inches from the top, it should have a shelf, on which the jars 
may be placed, when filled with air, without the risk of being overset. 
In this shelf should be a few small holes, to which inverted funnels 
may be soldered. 

A glass tube, about 18 inches long, and three quarters of an inch 
diameter (fig. 24), closed at one end, and divided into cubic inches, 
and tenths of inches, will be required for ascertaining the purity of 
air by nitrous gas. It should be accompanied also with a small 
measure, containing about two cubic inches, and similarly graduated. 
For employing the solution of nitrous gas in liquid sulphate of iron 
(a happy invention of Mr. Davy, which leaves very little to be desired 
in eudiometry), glass tubes, about five inches long, and half an inch 
wide, divided decimally, are also necessary. Besides these, the ex- 
perimentalist should be furnished with air funnels (fig. 19), for trans- 
ferring gases from wide to narrow vessels. 

An apparatus, almost indispensable in experiments on this, class 
of bodies, is a gazometer, [see note 13 at the end of this vol.], which 
enables the chemist to collect and to preserve large quantities of gas, 
with the aid of only a few pounds of water. In the form of this ap- 
paratus there is considerable variety ; but, at present, I have no oth- 
er view than that of explaining its general construction and use. It 
consists of an outer fixed vessel d (plate iv. fig. 35), and an inner 
moveable one c, both of japanned iron. The latter slides easily up and 
down within the other, and is suspended by cords passing over pulleys, 
to which are attached the counterpoises, ee. To 'avoid the encum- 
brance of a great weight of water, the outer vessel d is made double, 
or is composed of two cylinders, the inner one of which is closed at the 
top and at the bottom. The space of only about half an inch is left 
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between the two cylinders, as shown by the dotted lines. In this space 
the vessel c may move freely up and down. The interval is filled 
with water as high as the top of the inner cylinder. The cup, or 
rim, at the top of the outer vessel, is to prevent the water from over- 
flowing, when the vessel c is forcibly pressed down, in which situation 
it is placed whenever gas is about to be collected. The gas enters 
from the vessel in which it is produced, by the communicating pipe 
6, and passes along the perpendicular pipe marked by dotted lines in 
the centre, into the cavity of the vessel c, which continues rising till it 
is full. 

To transfer the gas, or to apply it to any purpose, the cock b is to 
be shut, and an empty bladder, or bottle of elastic gum, furnished 
with a stop-cock, to be screwed on a. When the vessel c is pressed 
down with the hand, the gas passes down the central pipe, which it 
had before ascended, and its escape at b being prevented, it finds its 
way up a pipe which is fixed to the outer surface of the vessel, and 
which is terminated by the cock a. By means of an ivory mouth- 
piece screwed upon this cock, the gas, included in the instrument, 
may be respired ; the nostrils being closed by the fingers. When it 
is required to transfer the gas, into glass jars standing inverted in wa- 
ter, a crooked tube may be employed, one end of which is screwed 
upon the cock b ; while the other aperture is brought under the in- 
verted funnel, fixed into the shelf of the pneumatic trough. (See 
fig. 41, c.) 

Several alterations have been made in the form of this apparatus ; 
but they are principally such as add merely to its neatness and beau- 
ty, and not to its ultility ; and they render it less easy ol explanation. 
The counterpoises ce are now, generally, concealed in the framing, 
and the vessel c is frequently made of glass. 

When large quantities of gas are required (as at a public lec- 
ture), the gas-holder, plate iv. fig. 36, will be found extremely useful. 
It is made of tinned iron plate, japanned both within and without. 
Two short pipes, a and c , terminated by cocks, proceed from it; 
sides, and another, b, passes through the middle of the top or covei v 
to which it is soldered, and reaches within half an inch of the bottom. 
It will be found convenient also to have an air-cock, with a very wide 
bore, fixed to the funnel at b. When gas is to be transferred into this 
vessel from the gazometer, the vessel is first completely filled with 
water through the funnel, the cock a being left open, and c shut. By 
means of a horizontal pipe, the aperture a is connected with a of the 
zometer. The cock b hcing shut, a and c are opened, and the ves- 
sel c of the gazometer, fig. 35, gently pressed downwards with the 
hand. The gas then descends f:om the gaze meter till the air-holder 
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is full, which may be known by the water ceasing to escape through 
the cock c. All the cocks are then to be shut, and the vessels dis- 
united. To apply this gas to any purpose, an empty bladder may be 
screwed on a : and water being poured through the funnel b y a cor- 
responding quantity of gas is forced into the bladder. By lengthen- 
ing the pipe £, the pressure of a column of water may be added ; 
and the gas being forced through a with considerable velocity, may 
be applied to the purpose of a blow-pipe, Sec. Sec. The apparatus 
admits of a variety of modifications. The most useful one appears to 
me to be that contrived by Mr. Pepys, consisting chiefly in the addi- 
tion of a shallow cistern (e, plate ix. fig. 85) to the top of the air-hol- 
der, and of a glass register tube/, which shows the height of the wa- 
ter, and consequently the quantity of gas, in the vessel. A more 
minute account of it will be given in the description of the ninth 
plate.* 

The gazometer, already described, is fitted only for the reception 
of gases that are confinable by water ; because quicksilver would 
act on the tinning and solder of the vessel, and would not only be 
spoiled itself, but would destroy the apparatus. Yet an instrument of 
this kind, in which mercury can be employed, is peculiarly desirable, 
on account of the great weight of that fluid ; and two varieties of the 
mercurial gazometer have therefore been invented. The one, of 
glass, is the contrivance of Mr. Clayfield, and may be seen represent- 
ed in the plate prefixed to Mr. Davy's Researches. In the other, 
invented by Mr. Pepys, the cistern for the mercury is of cast-iron. A 
drawing and description of it may be found in the 5th vol. of the Phi- 
losophical Magazine ; but as neither of these instruments are essen- 
tial to the chemical student, and as they are required only in experi- 
ments of research, I deem it sufficient to refer to the minute descrip- 
tions of their respective inventors. 

For those gases that are absorbed by water, a mercurial trough is 
necessary. For the mere exhibition of a few experiments on these 
condensible gases, a small wooden trough, 1 1 inches long, two wide, 
and two deep, cut out of a solid block of mahogany, is sufficient ; but 
for experiments of research, one of considerable size is required. 
(See plate hi. fig. 31,//.) 

The apparatus, required Jor submitting gases to the action of 
electricity, is shown in plate ix. fig. 84; where a represents the knob 
of the prime conductor of an electrical machine ; b a Leyden jar, the 
ball of which is in contact with it, as when in the act of charging ; and 
c the tube standing inverted in mercury, and partly filled with gas. 

* Descriptions and figures of improved gas-holders may be seen also in the 
IStii, 24tb,and 27th vols, of the Philosophical ^fagazrine. 
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The mercury is contained in a strong wooden box d, to which is 
screwed the upright iron pillar e, with a sliding collar for securing 
the tube c in a perpendicular position. When the jar b is charged to 
a certain intensity, it discharges itself between the knob a and the 
small ball i, which, with the wire connected with it, may be occasion- 
ally fitted on the t6p of the tube c. The strength of the shocks is reg- 
ulated by the distance between a and i. 

By the same apparatus, inflammable mixtures of gases may be 
exploded by electricity. In this case, however, the jar b is unne- 
cessary, a spark received by i from a being sufficient to kindle the 
mixture. 

The method of weighing gases is very simple and easily practis- 
ed. For this purpose, however, it is necessary to be provided with a 
good air-pump ; and with a globe or flask, furnished with a brass cap 
and air-cock, as shown fig. 22, b. A graduated receiver is, also, 
required, to which an air-cock is adapted, as shown at fig. 22, a. 

Supposing the receiver a to be filled with any gas, the weight of 
which is to be ascertained, we screw the cock of the vessel b on the 
transfer plate of an air-pump, and exhaust it as completely as possi- 
ble. The weight of the exhausted vessel is then very accurately ta- 
ken, even to a small fraction of a grain; and it is screwed upon the 
air-cock of the receiver a. On opening both cocks, the last of which 
should be turned very gradually, the gas ascends from the vessel a ; 
and the quantity, which enters into the flask, is known by the gradua- 
ted scale on a. On weighing the vessel a second time, we ascertain 
how many grains have been admitted. If we have operated on com- 
mon air, we shall findit6 weight to be at the rate of about 31 grains 
to 100 cubical inches. The same quantity of oxygen gas will weigh 
about 34 grains, and of carbonic acid gas upwards of 47 grains. 

In experiments of this kind it is necessary either to operate with 
the barometer at 30 inches, and the thermometer at 60° Fahrenheit, 
or to reduce the volume of gas employed to that pressure and tem- 
perature, by rules which are given in the Appendix. Great care is to 
be taken, also, not to warm any of the vessels by contact with the 
hands, from which they should be defended by a glove. On opening 
the communication between the receiver and the exhausted vessel, if 
any water be lodged in the air-cock attached to the former, it will be 
forcibly driven into the latter, and the experiment will be frustrated. 
This may be avoided by using great care in filling the receiver with 
water, before passing into it the gas under examination. 

The specific gravity of any gas compared with common air is 
readily known, when we have once determined its absolute weight. 
Thus if 100 cubic inches of air weigh 31 grains, and die same quan- 
tity of oxygen gas weighs 34 grains, we say, 
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31 : 34 : : 1000 : 1103. 
The specific gravity of oxygen gas will therefore be as 1 103 to 1000. 
We may determine, also, the specific gravity of gases, more simply, 
by weighing the flask, first when full of common air, and again when 
exhausted ; and afterwards by admitting into it as much of the gas 
under examination as it will receive ; and weighing it a third time. 
Now as the loss between the first and second weighing is to the gain 
of weight on admitting the gas, so is common air to the gas whose 
specific gravity we are estimating. Supposing, for example, that by 
exhausting the flask it loses 3 1 grains, and that by admitting carbonic 
acid it gains 47 ; then 

31 : 47 : : 1000 : 1516. 
The specific gravity of carbonic acid is therefore 1516, air being taken 
at 1000. And knowing its specific gravity, we can without any far- 
ther experiment, determine the weight of 100 cubic inches of carbo- 
nic acid ; for as the specific gravity of air is to that of carbonic acid, 
so is 31 to the number required ; or 

1000 : 1516 : : 31 : 47. 
One hundred inches of carbonic acid, therefore, will weigh 47 grains. 
Previously to undertaking experiments on other gases, it may be 
well for an unpractised experimentalist to accustom himself to the 
dexterous management of gases, by tiansferrin^ common air from one 
vessel to another of different sizes. 

1. When a glass jar, closed at one end, is filled with water, and 
held with its mouth downwards, in however small a quantity of water, 
the fluid is retained in its place by the pressure of the atmosphere on 
the surface of the exterior water. Fill in this manner, and invert, on 
the shelf of the pneumatic trough, one of the jars, which is furnished 
with a stopper (fig. 23). The water will remain in the jar so long as 
the stopper is closed ; but immediately on removing it, the water will 
descend to the same level within as without ; for it is now pressed, 
equally upwards and downwards, by the atmosphere, and falls there- 
fore in consequence of its own gravity. 

2. Place the jar, filled with water and inverted, over one of the 
funnels ol the shelf of the pneumatic trough. Then take another jar, 
filled (as it will be of coure) with atmospherical air. Place the latter 
with its mouth on the surface of the water ; and on pressing it in the 
same position below the surface, the included air will remain in its 
situation. Bring the mouth of the jar beneath the funnel in the shelf, 
and incline it gradually. The air will now rise in bubbles, through 
the funnel, into the upper jar, and will expel the water from it into 
the trough. 

3. Let one of the jars, provided with a stop cock at the stop, be 
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placed full of air on the shelf ot the trough. Screw upon it an 
empty bladder; open the communication between the jar and the 
bladder, and press the former into the water. The air will then^ 
pass into the bladder, till it is filled ; and when the bladder is remov- 
ed from the jar, and a pipe screwed upon it, the air may be again 
transferred into a jar inverted in water. 

4. For the purpose of transferring gases from a wide vessel stand- 
ing over water, into a small tube filled with and inverted in mercury, 
I have long used the following contrivance of Mr. Cavendish. A 
tube, eight or ten inches long, and of very small diameter, is drawn 
out to a fine bore, and bent at this end, so as to resemble the italic 
letter /. The point is then immersed in quicksilver, which is drawn 
into the tube till it is filled, by the action of the mouth. Placing the 
finger over the aperture at the straight end, the tube is next convey- 
ed through the water, with the bent end uppermost, into an inverted 
jar of gas. When the finger is removed, the quicksilver falls from 
the tube into the trough, or into a cup placed to receive it, and the 
tube is filled with the gas. The whole of the quicksilver, however, 
must not be allowed to escape ; but a. column must be left, three 
or four inches long, and must be kept in its place by the finger. 
Remove the tube from the water ; let an assistant dry it with blot- 
ting paper ; and introduce the point of the bent end into the aper- 
ture of the tube standing over quicksilver. On withdrawing the 
finger from that aperture which is now uppermost, the pressure of 
the column of quicksilver, added to the weight of the atmosphere, 
will force the gas from the bent tube into the one standing in the 
mercurial trough. 

On every occasion, when it is necessary to observe the precise 
quantity of gas, at the commencement and close of an experiment, it 
is essential that the barometer and thermometer should exactly cor- 
respond at both periods. An increased temperature, or a fall of 
the barometer, augments the apparent quantity of gas ; and a re- 
duced temperature or a higher barometer diminishes its bulk. An- 
other circumstance, an attention to which is indispensable in all ac- 
curate experiments, is that the surface of the fluid, by which the gas 
is confined, should be precisely at the same level within and without 
the jar. If the fluid be higher within the jar, the contained gas will 
be under a less pressure than that of the atmosphere, the weight of 
which is counterpoised by that of the column of fluid within. In 
mercury, this source of error is of very considerable amount ; as any 
person may be satisfied by pressing down, into quicksilver, a tube 
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partly filled with that fluid, and partly with air, for tlic volume of 
the air will gradually decrease, the deeper' the tube is immersed. 

In experiments on gases, it is not always possible, however, to 
begin and conclude an experiment at precisely the same tempera- 
ture, or with the same height of the barometer ; or even to bring the 
mercury within and without the receiver to the same level. In 
these cases, therefore, calculation becomes necessary ; and, with 
the view of comparing results more readily and accurately, it is usu- 
al to reduce quantities of gas to the bulk they would occupy under 
one given pressure, and at a given temperature. In this country, 
it is now customary to assume as a standard 30 inches of the barom- 
eter, and 60° of Fahrenheit's thermometer ; and to bring, to these 
standards, observations made under other degrees of atmospheric 
pressure and temperature. The rules, for these corrections, which 
are sufficiently simple, I shall give in the Appendix. 

Of experiments illustrative of the nature of gases in general, 
it may be proper to mention one or two, that show the mode in which 
caloric exists in this class of bodies. In vapours, strictly so called, 
as the steam of water, caloric seems to be retained with but little 
force ; for it quits the water when the vapour is merely exposed to a 
lower temperature. But, in gases, caloric is united by very forcible 
affinity, and no diminution of temperature, that has ever yet been ef- 
fected, can separate it from some of them. Thus the air of our at- 
mosphere, in the most intense artificial or natural cold, still remains 
in the aeriform state. Hence is derived one character of gases, viz. 
that they remain aeriform under almost all variations of pressure and 
temperature ; and in this class arc also included those aerial bodies, 
which, being condensed by water, require confinement over mer- 
cury. The following experiment will show, that the caloric, con- 
tained in gases, is chemically combined. 

Into a small retort (plate ii. fig. 26, b) put an ounce or two of well 
dried common salt, and about half its weight of sulphuric acid. By 
this process, a great quantity of gas is produced, which might be re- 
ceived and collected over mercury. But, to serve the purpose of 
this experiment, let it pass through a glass balloon, c, having three 
openings, into one of which the neck of the retort passes, while, from 
the other, a tube c proceeds, which ends in a vessel of water,/, of 
the temperature of the atmosphere. Before closing the apparatus, 
let a thermometer dbc included in the balloon, to show the tempera- 
ture of the gas. It will be found, that the mercury, in this ther- 
mometer, will rise only a few degrees, whereas the water, in the 
vessel Avhich receives the bent tube, will soon become boiling hot. 
In this instance, caloric flows from the lamp to the muriatic acid. 
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and converts it into gas ; but the heat, thus expended, is not appre- 
ciable by the thermomerW, and must, therefore, be chemically com- 
bined. The caloric, however, is again evolved, when the gas is con- 
densed by water. In this experiment, we trace caloric into a latent 
state, and again into the state of free or uncombined caloric. 

A considerable part of the caloric, which exists in gases in a la- 
tent state, may be rendered sensible by rapid mechanical compres- 
sion. Thus if air be suddenly compressed in the ball of an air-gun, 
the quantity of caloric liberated by the first stroke of the piston, is 
sufficient to set fire to a piece of the tinder called amadou. (Philo- 
sophical Magazine, xiv. 363.) A flash of light is said, also, to be 
perceptible at the moment of condensation. This fact has been ap- 
plied to the construction of a portable instrument for lighting a can- 
dle. It consists of a common syringe, concealed in a walking stick. 
At the lower extremity, the syringe is furnished with a cap, which re- 
ceives the substance intended to b«f fired, and which is attached to the 
instrument by a male and female screw. The rapid depression of 
the piston condenses the air, and evolves sufficient heat to set the tin- 
der on fire. (Philosophical Magazine, xxxi. 130.) 

For demonstrating the influence of variations of atmospheric pres- 
sure on the formation of gases, better experiments cannot be devised 
than those of Lavoisier. (See his Elements, chap, i.) But as some 
students, who have the use of an air-pump, may not possess the ap- 
paratus described by Lavoisier (the glass bell and sliding wire), it 
may be proper to point out an easier mode of showing the same fact. 
This proof is furnished by the experiment described, page 103, in 
which ether is made to assume alternately an aeriform and liquid 
state, by removing and restoring the pressure of the atmosphere; 

Gases, when once formed, undergo a considerable change of bulk 
by variations of external pressure. The general law which has been 
established on this subject is, that the volume of gases is inversely as 
the comfiressing force. If, for example, we have a quantity of gas 
occupying 60 cubic inches under the common pressure of the atmos- 
phere, they will fill the space of only 30 cubic inches, or one half un- 
der a double pressure; of 20 inches, or .one 3d, under a triple pres- 
sure ; of 15 inches, or one 4th, under four times the pressure ; and 
so on. 

The law of the dilatability of gases by heat has already been sla- 
ted to be an enlargement of about -^th part of their bulk for each de- 
gree of Fahrenheit's scale, between the freezing and boiling points of 
water. 

The following table exhibits an arrangement of all the permanenT 
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gases hitherto known, classed according tothe resemblance of their 
properties. ^ 

Class I. — Gases with simfile Bases. 

Oxygen gas. 
Hydrogen gas. 
Nitrogen gas# 

Class II. — Gases with compound Bases. 
1. Comfiound combustible Gases. 



Name. 

1. Ammonia . . 

2. Carbureted hydrogen 

3. Olefiant gas 

4. Sulphureted hydrogen 

5. Phosphureted hydrogen 

6. Arsenureted hydrogen 

7. Potassureted hydrogen 



Composed of 
Hydrogen and nitrogen. 
Hydrogen and carbon. 
Carbureted hydrogen and carbon. 
Hydrogen and sulphur. 
Hydrogen and phosphorus. 
Hydrogen and arsenic. 
Hydrogen and potassium. 



2. Oxides in the state of Gas. 

1. Carbonous oxide . . Carbon and oxygen. 

2. Nitrous oxide . . Nitrogen and oxygen. 

3. Nitric oxide . . . Nitrous oxide and oxygen. 



3. Acid Gases. 



1. Carbonic acid 

2. Sulphurous acid 

3. Nitrous acid 

4. Nitric acid 

5. Muriatic acid 

6. Oxy-muriatic acid 

7. Hyper-oxymuriatic acid 

8. Fluoric acid 

9. Fluoboric acid 



Carbon and oxygen. 

Sulphur and oxygen. 

Nitric oxide and oxygen. 

Nitrous acid and oxygen. 

Unknown. 

Muriatic acid and oxygen. 

Oxymuriatic acid and oxygen, 

Fluorium and oxygen. 

Fluoric and boracic acids. 



SECTION II. 

Oxygen Gas, 

We have no knowledge of the properties of oxygen in a state of 
complete separation. In the most simple form, under which we can 
procure it, it is combined with caloric, and probably with light and 
electricity constituting oxygen gas. 
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I. Oxygen gas may be procured from various substances. 

1. From the black oxiae of manganese, heated to redness in a 
gun-barrel, or in an iron or earthen retort ; or, from the same oxide, 
heated by a lamp in a retort or gas bottle, with half its weight with 
strong sulphuric acid. 

2. From the red oxide of lead (the common red lead used by 
painters), heated either with or without sulphuric acid. 

3. From various other oxides, as will be hereafter mentioned. 

4. From nitrate of potash (common saltpetre) made red hot in a 
gun-barrel, or in an earthen retort. 

5. From oxygenized muriate of potash, heated in a small glass re- 
tort, over an Argand's lamp. The oxygen gas thus produced, is 
much purer than that obtained in any other mode, especially the last 
portions, which should be kept separate. 

All the substances, after having yielded oxygen gas, are found con- 
siderably diminished in weight ; and calculating each cubic inch of 
gas to be equal to one 3d of a grain, the loss of weight will be found 
pretty exactly equivalent to that of gas generated. 

II. This gas has the following properties. 

1. It is not absorbed by water;* or, at least, is so sparingly ab- 
sorbed, that, when agitated in contact with water, no perceptible dim- 
inution takes place. 

2. It is rather heavier than common air.— -Mr. Davy stated 100 
cubic inches, at 55° Fahrenheit, and 30 inches of the barometer, to 
weigh 35.06 grains; and at the temperature of 60°, the same quanti- 
ty would weigh 34.70. Messrs. Allen and Pepys have determined 
100 cubic inches to weigh 33.82 grains, the barometer being 30, and 
thermometer 60°. By Biot and Arajo its specific gravity is stated to 
be 1.10359. 

3. All combustible bodies burn in oxygen gas with greatly in- 
creased sfilendour. 

(a) A lighted wax taper, fixed to an iron wire, and let down into a 
vessel of this gas, burns with great brilliancy, pi. iv. fig. 38. If the ta- 
per be blown out, and let down into a vessel of the gas while the snuff 
remains red hot, it instantly rekindles, with a slight explosion. 

(£) A red hot bit of charcoal, fastened to a copper wire, and im- 
mersed in the gas, throws out beautiful sparks. 

(c) The light of phosphorus, burnt in this gas, is the brightest that 

* In this as in several other instances, where a gas is said not to be absorb- 
ed by water, the assertion is not to be taken strictly, but merely as implying 
that only a minute and difficultly appreciable portion is absorbed. The pre- 
cise proportion of each gas absorbed by water is stated in the Appendix, in 
the form of a table. 
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can be in any mode produced. Let the phosphorus be placed in a 
small hemispherical tin cup, which ma$ be raised by means of the 
wire stand, pi. ii. fig. 25, two or three inches above the surface of 
water contained in a broad shallow dish. Fill a bell-shaped receiver, 
having an open neck at the top, to which a compressed bladder is 
firmly tied, with oxygen gas ; and, as it stands inverted in water, 
press a circular piece of pasteboard, rather exceeding the jav in di- 
ameter, over its mouth. When an assistant has set fire to the phos- 
phorus, cover it instantly with the jar of oxygen gas, retaining the 
pasteboard in its place, till the jar is immediately over the cup. 
When this has been skilfully managed, a very small portion only of 
the gas will escape ; and the inflammation of the phosphorus will be 
extremely brilliant. The expanded gas rises into the flaccid bladder, 
and is thus prevented from escaping into the room, and proving disa- 
greeable by its suffocating smell. 

(d) Substitute, for the phosphorus in experiment c, a small ball 
formed of turnings of zinc, and in which about a grain of phosphorus 
is inclosed. Set fire to the phosphorus, and cover it expeditiously 
with the jar of oxygen. The zinc will be inflamed, and will burn 
with a beautiful white light. A similar experiment may be made 
with metallic arsenic, which may be moistened with spirit of turpen- 
tine. The filings of various metals may also be inflamed, by placing 
them in a small cavity, formed, in a piece of charcoal, igniting the 
charcoal, and blowing on the part containing the metal a steam of ox- 
ygen gas. 

(e) Procure some thin harpsichord wire, and twist it round a slen- 
der rod of iron or glass, so as to coil it up in a spiral form. Then 
withdraw the rod, and tie a little thread or flax round one end of the 
wire, for about one 20th of an inch ; which end is to be dipped into 
melted sulphur. The other end of the wire is to be fixed into a cork ; 
so that the spiral may hang vertically (fig. 39). Fill, also, with oxy- 
gen gas, a bottle capable of holding about a quart, and set it with its 
mouth upwards. Then light the sulphur, and introduce the wire in- 
to the bottle of gas, suspending it by the cork. The iron will burn 
with a most brilliant light, throwing out a number of sparks, which 
fall to the bottom of the bottle, and generally break it. This accident, 
however, may frequently be prevented by pouring sand into the bot- 
tle, so as to lie about half an inch deep on the bottom (see pi. iv. fig. 
39). According to Mr. Accum (Nicholson's Journal 8vo. i. 320), a 
thick piece of iron or steel, such as a file, if made sharp pointed, may 
be burnt in oxygen gas. A small bit of wood is to be stuck upon its 
extremity, and set on fire, previously to immersion in the gas. 

(/) A little of Hemberg's pyrophorus, a substance to be hereafter 
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described, when poured into a bottle full of this gas, immediately 
flashes like inflamed gunpowder. 

III. During every combustion in oxygen gas, the gas suffers a 
considerable diminution.— -To exhibit this, experimentally, in a manner 
perfectly free from all sources of error, would require such an appa- 
ratus as few but adepts in chemistry are likely to possess. The ap- 
paratus required for this purpose is described in the 6th chapter of 
Lavoisier's Elements. The fact may, however, be shown, less accu- 
rately, in the following manner : Fill, with oxygen gas, a jar of mod- 
erate size, which has a neck and ground-glass stopper at the top. 
Then, with the assistance of a stand, formed of bent iron wire (pi. ii. 
fig. 25), place a shallow tin vessel, containing a bit of phosphorus or 
sulphur, three or four inches above the level of the water of a pneu- 
matic trough. Invert the jar of oxygen gas, cautiously and expedi- 
tiously, over this cup, so as to confine it, with its contents, in the 
gas, and, pressing down the jar to the bottom of the trough, open the 
stopper. A quantity of gas will immediately rush out, and the water 
will rise to the same level within the jar as without. When this has 
taken place, set fire to the sulphur or phosphorus by a heated iron 
wire, and instantly put in the stopper. The first effect of the com- 
bustion will be a depression of the water within the jar ; but when the 
combustion has closed, and the vessel has cooled, a considerable ab- 
sorption will be found to have ensued. 

Those persons who are possessed of a mercurial apparatus may 
repeat this experiment in a less exceptionable manner. On the sur- 
face of the quicksilver let a small hemispherical cup float, made of 
untinned sheet-iron : and, in order to keep it from the sides of the jar, 
it may rest on a wire-stand, shaped like the figure 43, plate iv. Let 
a jar, the height and diameter of which must be regulated by the size 
of the mercurial trough, be filled with oxygen gas over water, and be 
removed, by means of a piece of pasteboard, as before described, to 
the mercurial bath, inverting it dexterously over the tin cup. If the 
phosphorus had been previously set on fire, a large quantity of the 
gas, expanded by the heat, would have escaped, and would have pre- 
vented the accurate measurement of the absorption. After drying 
the surface of the mercury within the jar by blotting paper, a portion 
of the included gas must, therefore, be removed. This is done by an 
inverted syphon, one leg of which is to be introduced (in the same 
manner as is shown at lig. 41, g) within the jar before placing it over 
the mercury ; and the gas will be forced through the open extremity 
of the other, when the jar is pressed down into the quicksilver. 
When the proper quantity has been expelled, remove the syphon. 
The cup, containing the phosphorus, will thus rest on the surface of 
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the quicksilver within the jar, and above the level of the mercury 
without. The phosphorus is to be inflamed by passing a crooked iron 
wire, made red hot, through the quicksilver. On the first impres- 
sion of the heat arising from its combustion, the included gas will 
be considerably expanded ; but when the phosphorus has ceas- 
ed to burn, a considerable absorption will be found to have taken 
place, the amount of which maybe measured by ascertaining the height 
of the quicksilver within the jar, before and after the experiment. 
The quantity of phosphorus employed should be very small, and 
should not bear a greater proportion than that of 10 grains to each 
pint of gas ; otherwise the combustion will go on so far as to endan- 
ger the breaking of the jar, by the approach of the inflamed phospho- 
rus. 

In this process, a white dense vapour is produced, which con- 
cretes on the inner surface of the jar in flakes. This substance has 
strongly acid properties ; and, being formed by the union of oxygen 
with phosphorus, is termed the phosphoric acid. 

The diminution of the volume of oxygen gas, by the combustion 
of other bodies, may be ascertained in a similar manner. When the 
substance employed is not easily set On fire, it is proper to enclose, 
along, and in contact with it, a small bit of phosphorus, the combus- 
tion of which excites sufficient heat to inflame iron-turnings, charcoal, 
Sec In the instance of charcoal, however, though that substance un- 
dergoes combustion, no absorption ensues ; because, as will appear in 
the sequel, the product is a gas, occupying exactly the same bulk as 
the oxygen gas submitted to experiment. 

IV. All bodies by combustion in oxygen gas, acquire an addition 
to their weight ; and the increase is in proportion to the quantity of 
gas absorbed, viz. about one 3d of a grain for every cubic inch of 
gas. — To prove this by experiment, requires also a complicated ap- 
paratus. 

But sufficient evidence of this fact may be obtained by the follow- 
ing very simple experiment. Fill the bowl of a tobacco pipe with 
iron wire coiled spirally, and of known weight : let the end of the 
pipe be slipped into a brass tube, which is screwed to a bladder filled 
with oxygen gas : heat the bowl of the pipe, and its contents, to red- 
ness in the fire, and then force through it a steam of oxygen gas from 
the bladder. The iron wire will burn ; will be rapidly oxydized; and 
will be found, when weighed, to be considerably heavier than before. 
When completely oxydized in this mode, 100 parts of iron wire gain 
an addition of about 30. 

V. Every substance, capable of union with oxygen, affords, by 
combustion, either an oxide, an acid, or an alkali.— When a body, by 
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being burnt in oxygen gas, affords a compound, which has none of 
those qualities that characterize acids or alkalis, we denominate this 
product on oxide. If we collect, for example, the iron wire, which 
was burned in the last experiment, we shall find that it has lost all its 
metallic qualities ; and has become a brittle, dark coloured substance 
totally destitute of lustre and of taste, and termed an oxide of iron. 
But if, instead of iron wire, we had burned a quantity of sulphur in 
oxygen gas, the result would have been that the water, which confin- 
ed the gas, would have become acid or sour. Potassium on the con- 
trary (one of the new metals discovered by M,r. Davy), would have 
yielded an alkali under the same circumstances. Hence the extensive 
class of combustible bodies may be subdivided into three orders ; 1st, 
those which afford oxides by combustion ; 2dly, those which yield 
acids ; and 3dly, those which give alkalis. In many instances, how- 
ever, a body is capable of passing through the intermediate state of- 
an oxide, before it is converted either into an acid or an alkali. 

VI. Oxygen gas su/ifiorts, eminently, animal life. — It will be 
found that a mouse, bird, or other small animal will live six times 
longer in a vessel of oxygen gas, than in one of atmospherical air of 
the same dimensions. 

VII. This effect seems connected with the absorfition of oxygen 
by the blood. — Pass up a little dark-coloured blood into a jar partly 
filled with oxygen gas, and standing over mercury. The gas will 
be in part absorbed, and the colour of the blood will be changed to a 
bright and florid red. This change to red may be shown, by putting 
a little blood into a common vial filled with oxygen gas, and shaking 
it up. 

SECTION III. 

Nitrogen or Azotic Gas. 

After separating, from any quantity of atmospherical air, all 
the oxygen which it contains, there remains a gas which was call- 
ed by Lavoisier azotic gas, a name applied to it in consequence of 
its unfitness for supporting animal life ; and derived from the Greek 
privative a and &* vita. This, however, as being merely a negative 
property, has since been deemed an improper foundation for its nom- 
enclature ; and the term nitrogen gas has been substituted ; be- 
cause one of the most important properties of its base is, that by union 
with oxygen it composes nitric acid. By this appellation, therefore, 
I shall hereafter distinguish it. 

Nitrogen has been hitherto considered as a simple or elementary 
body ; but the recent experiments of Mr. Daw, which will be de<=- 
Vol.1. 17 
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cribed in speaking of ammonia, suggest that it is a compound of hy- 
drogen and oxygen. 

1. Nitrogen gas may be procured, though not absolutely pure, 
yet sufficiently so for the purpose of exhibiting its general properties, 
in any of the following manners : 1 . Mix equal weights of iron fil- 
ings and sulphur into a paste with water, and place the mixture in a 
proper vessel, over water, supported on a stand : then invert over it, 
a jar full of common air, and allow this to stand exposed to the mix- 
ture for a day or two. The air contained in the jar will gradually di- 
minish, as will appear from the ascent of the water within the jar, till 
at last only about four 5ths of its original bulk will remain. The ves- 
sel containing the iron and sulphur must next be removed, by with- 
drawing it through the water ; and the remaining air may be made 
the subject of experiment. 

2. A quicker process, for procuring nitrogen gas, consists in fill- 
ing a bottle, about one 4th, with the solution of nitrous gas, in liquid 
sulphate of iron, and agitating it with the air which fills the rest of 
the bottle. During the agitation, the thumb must be firmly placed 
over the mouth of the bottle ; and, when removed, the mouth of the 
bottle must be immersed in a cup full of the same solution, which will 
supply the place of the absorbed air. 

.3. Atmospheric air, also, in which phosphorus has burned out, af- 
fords, when time has been allowed for the condensation of the phos- 
phoric acid, tolerably pure nitrogen gas. 

II. Nitrogen gas has the following properties : 

1. It is not absorbed by water. 

2. It is a little lighter than atmosfiheric air, 100 cubic inches be- 
ing found by Mr. Davy to weigh 30.04 grains under a pressure of 30 
inches, and at the temperature of 55° Fahrenheit. At 60° Fahrenheit 
100 inches weigh, therefore, 29.73 grains. According to Biot and 
Arajo, its specific gravity is 0.969 13. ... 

3. It immediately extinguishes a lighted candle, and all other 
burning substances. 

Even phosphorus, in a state of active inflammation, is immediately 
extinguished when immersed in nitrogen gas. This is best shown by 
placing the burning phosphorus in a tin cup, raised by a stand above 
the surface of the water, and quickly inverting over it a jar filled with 
nitrogen gas. 

4. It is fatal to animals that are confined in it. 

5. When mixed with pure oxygen gas, in the proportion of four 
parts to one of the latter, it composes a mixture resembling atmos- 
pheric air in all its properties. Of this any one may be satisfied, by 
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mixing four parts of azotic gas with one of oxygen gas, and immers- 
ing in the mixture, a lighted taper. The taper will burn as in atmos* 
pherical air. 

SECTION IV. 

Atmospheric air. 

The air of our atmosphere, it appears, therefore, from the fore- 
going facts, is a mixture, or possibly a combination, of two different 
gases, viz. oxygen gas and azotic gas. The former of these two 
seems to be the only ingredient on which the effects of the air, as a 
chemical agent, depend. Hence combustible bodies burn in atmos- 
pheric air, only in consequence of the oxygen gas which it contains ; 
and, when this is exhausted, air is no longer capable of supporting 
combustion.* Its analysis is most satisfactorily and beautifully de- 
monstrated by the action of heated mercury, as explained by Lavoi- 
sier in the third chapter of his Elements of Chemistry. By exposure, 
during 12 days, to mercury heated in a retort ; a given quantity of at-» 
mospheric air was found to be diminished in bulk, and to have lost its 
property of supporting combustion. The mercury, also, had suffer- 
ed a considerable change ; a part of it was no longer a shining fluid 
metal ; but was changed into red scaly particles ; and its weight was, 
also, a little increased. These red particles were collected, and distil- 
led in a retort ; by which operation a quantity of oxygen gas was evolv- 
ed, precisely equal in bulk to what the air had lost in the first part of 
the experiment. These results afford the most satisfactory evidence, 
that the air of our atmosphere is composed of two distinct fluids. 
The one is capable of yielding its base to mercury ; and, when sep- 
arate, is eminently adapted to the support of combustion and of ani- 
mal life ; the other is not absorbable by mercury, and is destitute of 
both the latter important qualities. 

The details of this method of analyzing atmospheric air I omit on 
account of the extreme tediousness of the process. Sufficient evi- 
dence of its composition may be obtained, however, much more ex- 
peditiously, by the following experiments. 

I. Burn a little sulphur or phosphorus, in the manner describedj 
sect. ii. substituting, for oxygen gas, common atmospherical air. The 
combustion will, in this instance, be less vivid ; will cease sooner ; 
and the absorption, when the vessels have cooled, will be much less 
considerable than in the former case. 

• Certain combustible bodies even cease to burn in atmospheric air, long 
before its oxygenous portion is consumed, for reasons tb»1 will hereafter be 
£iven. 
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The phosphorus, however, will have absorbed the whole of the 
oxygen gas contained in the air submitted to experiment ; and hence 
it may be employed for measuring the quantity of oxygen gas in a 
given bulk of atmospherical air. This may be accomplished, either 
by its slow or rapid combustion. Berthollet proposes {Annates de 
Chimie, xxxiv. 78) to expose a cylinder of phosphorus, fastened to a 
glass rod, in a narrow glass vessel, graduated into equal parts, and 
standing full of air over water. (See fig. 24). The phosphorus im- 
mediately begins to act on the included air ; and in six or eight hours 
its effect is completed. The residuary azotic gas has its bulk enlarg- 
ed about one 40th, by absorbing a little phosphorus ; and, for this, 
allowance must be made in measuring the diminution. 

In the eudiometer of Seguin, the rapid combustion of phosphorus 
js employed with the same view. A glass tube, open at one end on- 
ly, about an inch in diameter, and eight or ten high, is filled with, and 
inverted in, mercury. A small bit of phosphorus, dried with blot- 
ting paper, is then introduced, and, by its inferior specific gavity, ri- 
ses to the top of the tube, where it is melted, by bringing a red-hot 
poker near to the outer surface of the glass. When the phosphorus 
is liquefied, a measured portion of the air to be examined is admitted, 
by a little at once, into the tube. The phosphorus inflames at each 
addition, and the mercury rises. When all the air under examination 
has been added, the red-hot poker is again applied to ensure the com- 
pletion of the- process, and the residuary gas is transferred into a 
graduated measure, where its bulk is carefully ascertained. In this 
instance, about one 40th the volume of the residuary gas is to be de- 
ducted from the apparent quantity of azotic gas, because, in this case 
also, a small portion of phosphorus is dissolved by the latter, and oc- 
casions a trifling expansion. With this deduction, atmospheric air 
loses pretty accurately 21 parts out of each 100; and contains, there- 
fore, 21 fier cent, of oxygen, and 79 of azote by measure.* 

II. The inferior fitness of atmospherical air, to that of oxygen 
gas, for supporting combustion, may be shown, also, by a comparative 
experiment with two candles. Provide two circular pieces of lead, 
three inches diameter, and half an inch thick, from the centre of each 
of which proceeds a perpendicular iron wire, six or eight inches high ; 
to the end of this wire fasten a piece of wax taper. Set the candle, 
supported by its stand, on the shelf of a pneumatic cistern ; and place, 
also, the conducting pipe from the bladder (e fig. 41), in the position 
shown by the figure ; the cock d, however, being shut. Then, hav- 

* Various other methods of analyzing 1 atmospherical air will be described 
in the course of the work. References to them may be found in the Index, ar- 
ticle Eudiometer. 
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ing %e syphon g in the inverted position shown in the plate, sink the 
whole apparatus into the water. Part of the air in the jar a will es- 
cape through the syphon, and will be replaced by water. When we 
have left, in the jar, the proper quantity of air, the syphon must be re- 
moved, and the jar returned to its place. The level of the water 
will now be considerably higher within than without the receiver ; 
and its height must be noted. On passing a succession of electrical 
sparks from the conducting wire to the bent pipe, and opening the 
cock d from the bladder filled with hydrogen gas, we shall have a 
small flame, which is to be extinguished as soon as, by its means, we 
have lighted the candle. The candle may be suffered to burn till it is 
extinguished ; and the duration of its burning, and the diminution it 
occasions in the air, are to be noted. When the combustion is repeat- 
ed in the same manner, but with the substitution of oxygen gas, it 
will be found to last considerably longer, and the diminution of volume 
in the gas will be much greater. 

The same fact may be demonstrated, but less accurately, by a sim- 
ple apparatus. Provide two jars, each two inches diameter, and 12 
inches long, and each having a neck at the top with a compressed 
bladder tied upon it. Fill one of the jars, leaving the bladder empty, 
with oxygen gas ; and at the same instant, with the aid of an assistani, 
invert both jars over the burning candles, keeping the oxygen gas in 
its place till the jar is inverted, by a piece of pasteboard. In the com- 
mon air, the candle will soon be extinguished ; but that confined in 
oxygen gas will burn with much greater splendour, and will continue 
burning long after the other is extinguished. On the first impression 
of the flame, a quantity of expanded gas will rise into each bladder, 
which is to be pressed out at the close of the experiment, in order 
that the absorption may be compared in both cases. The diminu- 
tion in the jar of oxygen gas will be found greatly to exceed that of 
the common air. 

III. Take two tubes, each a few inches long-, closed at one end 
and divided into 100 aliquot parts. Fill the one with atmospherical 
air, the other with oxygen gas, and invert them in two separate cups 
filled with a solution of sulphurct of potash. The sulphuret will 
ascend gradually within the tube of common air, till, after a few days, 
only about four 5ths of its original volume will remain ; but, in that 
containing oxygen, it will ascend much higher, and, if the gas be 
pure, will even absorb the whole. 

The explanation of this fact is, that liquid sulphuret of potash 
has the property of absorbing oxygen, but not nitrogen. It there- 
fore acts on atmospheric air only as long as any oxygen gas remains, 
and may be employed as a means of ascertaining the quantity of this 
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gas in the atmosphere at different tin\es, and in distant places. An 
improved instrument, thus graduated, has lately been employed by 
Guyton as an Eudiometer.* (See Nicholson's Philosophical Journal> 
4to. vol. i. page 268 ; or Tilloch's Philosophical Magazine, vol. iii. 
page 171.) But an apparatus, of much greater simplicity, and fa- 
cility of application, is that of Professor Hope of Edinburgh, announc- 
ed in Nicholson's Journal, 8vo. iv. 210. It consists of a small bottle, 
of the capacity of 20 or 24 drachms (fig. 20, pi. ii.), destined to con- 
tain the eudiometric liquid, and having a small stopper at b. Into the 
neck of the bottle a tube is accurately fitted, by grinding, which holds 
precisely a cubic inch, and is divided into 100 equal parts. To use 
the apparatus, the bottle is first filled with the liquid employed, 
which is best prepared by boiling a mixture of quicklime and sul- 
phur with water, filtering the solution, and agitating it for some time 
in a bottle half filled with common air. The tube, filled with the 
gas under examination (or with atmospherical air, when the quality 
of this compound is to be ascertained), is next to be put into its 
place ; and, on inverting the instrument, the gas ascends into the bot- 
tle, where it is brought extensively into contact with the liquid, by 
brisk agitation. An absorption ensues ; and, to supply its place) 
the stopper b is opened under water, a quantity of which rushes into 
the bottle. The stopper is replaced under water ; the agitation renew- 
ed ; and these operations are performed alternately, till no further dim- 
inution takes place. The tube a is then withdrawn, the neck of the 
bottle being under water, and is held inverted in water for a 
few minutes ; at the close of which the diminution will be apparent. 
Its amount may be measured by the graduated scale engraved on 
the tube. 

To the eudiometer of Dr. Hope there are, however, a few ob- 
jections. If the tube a and the stopper b are not both very accurate- 
ly ground, air is apt to make its way into the instrument, to supply 
the partial vacuum, occasioned by the absorption of oxygen gas. 
This absorption, also, occasions a diminished pressure within the 
bottle ; and, consequently, towards the close of each agitation, the 
absorption goes on very slowly. Besides, the eudiometric liquid is 
constantly becoming more dilute by the admission of water through 
b. To obviate all these difficulties, I have substituted, for the glass 
bottle, one of elastic gum, as shown by fig. 21, b. The tube a is ac- 
curately ground into a short piece of very strong tube of wider bore, 
as shown at c, the outer surface of which is made rough by grinding, 
and shaped as represented} that it may more effectually retain the 

• Other eudiometers will be described hereaitej. 
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neck of the elastic bottle when fixed by string. This instrument is 
used, in every respect, in the same way as Dr. Hope's. The only 
difficulty is, in returning the whole of the residuary gas into the tube ; 
but the art of doing this will be acquired by practice. 

An ingenious modification of the eudiometer, which enables us to 
measure an absorption of only f^ti* part of the gas employed, is 
described by Mr. Pepys, in the Philosophical Transactions for 1 807, 
or Philosophical Magazine, vol. xxix. 

IV. Atmospheric air ministers to the support of animal life, on- 
ly in consequence of the oxygen gas which it contains. — Air, after 
having been received into the lungs, and again expired, is found te 
have lost considerably of its oxygenous part, viz. 10 to 12 per cent. 
It proves fatal to animals, however, long before this purer portion is 
wholly exhausted ; and hence it appears, that a considerable portion 
of oxygen gas is even necessary to fit the air for supporting respira- 
tion. As the analysis of expired air requires an acquaintance with 
another gas, not hitherto described, viz. carbonic acid, its examina- 
tion will be postponed to a future occasion. 

V. Atmospheric air is diminished in volume by animal respiration i< 
— This may be shown by repeating a very simple experiment, orig- 
inally contrived by Mayow. He confined a mouse in a small glass 
jar, and tied the jar over, quickly and firmly, with moistened bladder. 
The heat of the animal first expanded the air, and rendered the blad- 
der convex outwards ; but when the animal after death had become 
cold, the bladder exhibited a hollow surface, proving that the air with- 
in was diminished in its bulk. 

The exact amount of the diminution may be shown, by confining a 
mouse, over water, in a graduated jar, furnished with a stop-cock, 
and containing* common air. As the heat of the animal, however, 
would occasion the expulsion of part of the air, it is expedient, on 
first depressing the jar into water, to open the cock, through which a 
part of the air will escape : the cock is then to be shut, and the height 
of the water within to be accurately noted. At first, the level will be 
depressed, in consequence of the expansion of the air by the warmth 
of the animal ; but, after its death, a considerable diminution will Lt 
observed. 

VI. The weight of a given volume of atmospheric air, at 60° 
Fahrenheit and 30 inches barometer, is said by Mr. Kirwan to be 30.92 
grains. Mr. Davy states it, when under the same pressure, but at 
5 5° Fahrenheit, to be 31.10 grains, from which may be deduced that, 
with the temperature and pressure assumed by Mr. Kirwan, 100 inch- 
es would weigh 30.78 grains. 
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SECTION V. 

Hydrogen Gas. 

The most simple form, in which hydrogen has hitherto been 
obtained, is in that of a gas, or of union with caloric, and perhaps with 
electricity and light. From this combination we are not able to sep- 
arate it, except by availing ourselves of the affinity of some other 
substance, in which case the hydrogen separates from the caloric, 
and forms, with the body, which has been added, a new combination. 
Of its nature, we know but little ; but as it has not yet been resolved 
into any more simple state, it is still arranged among elementary bo- 
dies. From the recent experiments of Mr. Davy (which will be de- 
scribed under the article ammonia), it appears not improbable that hy- 
drogen is a metallic body. 

The most important compound of hydrogen, and the only one 
which will be noticed at present, is that which it affords by union with 
the base of oxygen gas. It is on its affinity for this base that all the 
properties depend, which arc illustrated by the following experi- 
ments. Much of the force of this attraction, it will appear probable 
from the sequel, depends on its being in a state ol opposite electricity 
to oxygen ; for in common with all inflammable substances it is natu- 
rally in a state of positive electricity. 

I. To procure hydrogen gas, let sulphuric acid, previously dilut- 
ed with five or six times its weight of water, be poured on iron fil- 
ings ; or on small iron nails ; or (what is still better) on zinc,* gran- 
ulated by pouring it melted into cold water, and contained in a gas 
bottle or small retort. An effervescence will ensue, and the escaping 
gas may be collected in the usual manner. 

•II. This gas has the following properties : 

1. It remains permanent over water, or is not absorbed in any 
notable proportion. 

2. It is inflammable. This may be shown by the following experi- 
ments : 

(a) Fill a small jar with the gas, and, holding it with the mouth 
downwards, bring the gas into contact with the flame of a candle. 
The air will take fire, and will burn silently with a lambent flame. 

(b) Fill with this gas a bladder which is furnished with a stop- 
cock, and with a small pipe, of diameter less than that of a common 
tobacco pipe. Press the air out through the pipe, and, on presenting a 
lighted candle, the stream will take fire. If this apparatus cannot be 

• Zinc may be purchased at the brass-founders or copper-smiths, under the 
name of speltre. 



SECT. V. HYDROftEN GAS. 13? 

procured, a very simple contrivance will answer the purpose ; break 
off part of an eight -ounce vial, within an inch or two from the bottom, 
by settting fire to a string tied round it, and moistened with spirit of 
turpentine. The vial will then resemble a jar with an open neck at 
the top. Next bore a small hole, through a cork that fits the neck 
of the vial, and insert in it part of a common tobacco pipe, which may 
be fixed into the neck of the bottle by a cement of resin and bees-wax. 
Then fill the bottle with water, and hold it, with the thumb pressed 
down on the aperturi of the pipe, while hydrogen gas is passed into it. 
When the bottle is full of gas, remove the thumb, press the bottle down 
into the water, and, on the approach of a candle, the stream of air from 
the pipe will take fire. 

Persons, who are provided with the jars represented pi. ii. fig. 22, 
c, may screw to the cock a brass pipe with a small aperture. On 
pressing the jar, filled with hydrogen gas, into the water, and open- 
ing the cock, the gas will be forced out in a stream, which may be set 
on fire. On this principle are founded the artificial fireworks with- 
out smell or smoke. They consist of pipes, having variously sized 
apertures, some of which have a rotatory motion ; but their precise 
construction it is impossible to describe, without very tedious details. 

(c) In a strong bottle, capable of holding about four ounces of wa- 
ter, mix equal parts of common air and hydrogen gas. On applying 
a lighted candle, the mixture will burn, not silently, as in experiment 
(a), but with a sudden and loud explosion. If a larger bottle be used, 
it should be wrapped round with a handkerchief, to prevent the glass 
from doing any injury, in case the bottle should be burst.* 

(d) The same experiment may be repeated with oxygen gas, in- 
stead of atmospherical air ; changing the proportions, and mixing only 
one part of oxygen gas with two of hydrogen. The report will be 
considerably louder. The bottle should be a very strong one, and 
should be wrapped round with cloth, to prevent an accident. 

(e) The same experiment may be made over water, by means of 
the electric spark. Procure a strong tube, about three quarters of 
an inch diameter, and 12 inches long, closed at one end (plate ii. fig. 
28). About a quarter or half an inch from the sealed end, let two 
small holes be drilled, opposite to each other, and into each of these 
let a brass conductor be cemented,so that the two points may be distant 
from each other, within the tube, about one 3th of an inch. An ap- 
paratus, serving the same purpose, and much more easily construct- 
ed, may be formed by hermetically sealing a piece of brass wire, or 
still better platina wire, into the end of a glass tube (fig. 29). With 

* These experiments may also be made advantageously, by means of an an. 
paratus sold under the name of the inflamm 
Vol.1. 18 
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this conductor, an interrupted circuit may be formed, by introducing 
into the tube a longer wire, one end of which terminates one 10th of 
an inch from the upper one, while the other extends beyond the aper- 
ture of the tube. (See fig. 84.) Into this tube, standing over water, 
pass about half a cubic inch of a mixture of hydrogen and oxygen gas- 
es ; in the proportion of two measures of the former to one of the 
latter. Hold the tube firmly, and pass an electric spark through the 
mixed gases. For relieving the shock, which is sometimes consider- 
able on firing, an ingenious contrivance of Mr. Davy maybe employ- 
ed. It is described in the Philosophical Magazine, xxxi. 3. An 
immediate explosion will take place ; after which the gases, if pure, 
and in the proper proportion, will be found to have disappeared en- 
tirely. 

It is rarely, however, that the gases can be used in such a state of 
purity as to leave absolutely no residuum. To determine, indeed, 
the purity either of the oxygen or hydrogen gas employed, it is some- 
times necessary so to adjust their proportions, that the whole mixture 
may not be condensed by firing. If, for example, we wish to know 
the purity of a quantity of oxygen gas, we are to use about three 
times its bulk of hydrogen. Let us suppose that 100 measures of 
oxygen are detonated with 300 of hydrogen gas, and that the total 
400 is reduced by firing to 1 30 ; the diminution of volume will be 
2,70. This number, divided by three, gives 90 for the quantity of oxy- 
gen ; that is, the oxygen employed must have contained 10 fier cent. 
of nitrogen or of some foreign gas not condensible by hydrogen. 

If atmospherical air be employed, a diminution, though not equal 
in amount, will be produced by the union of the hydrogen with the 
oxygen gas contained in the air ; and if a sufficient quantity of hydro- 
gen gas be employed, the whole of the atmospheric oxygen will thus 
be removed. On this principle is founded the Eudiometer of Vol- 
ta, which may be constructed, by graduating either of the tubes al- 
ready described, into equal parts. If, in one of these tubes, we mix 
300 parts of common air, and 200 of pure hydrogen gas, there will 
remain, after the explosion excited by passing an electric spark be- 
tween the two wires, about 305 measures. There will, therefore, 
have been a diminution of 195 measures, of which pretty exactly one 
3d may be estimated to be pure oxygen. In this instance, therefore, 
65 of oxygen have been lost by 300 of air, or 21 and a fraction per 
cent. 

The general rule for ascertaining the purity of air by hydrogen 
gas, may be stated as follows : Add to three measures of the air un- 
.der examination, two measures of pure hydrogen gas ; inflame the 
mixture by electricity ; observe the diminution when the vessel has 
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cooled ; and, dividing its amount by three, we obtain pretty neaily the 
quantity of oxygen gas which has been condensed. 

In the reverse process, i. c. in determining the fiurity of hydrogen 
gas, we mix it with more oxygen gas than is required for saturation. 
Suppose that to 100 of hydrogen gas we add 100 of oxygen, and that 
80 measures remain after detonation. The diminution will have been 
120 measures ; and, of these, two 3ds or 80 measures are hydrogen. 
Hence the inflammable gas, under examination, must contain 20 per 
cent, of some other gas, which is most probably nitrogen. In this 
way, we determine the proportions of hydrogen and nitrogen in any 
mixture composed of the two gases only. 

(/) The diminution of hydrogen and oxygen gases, by the union 
of their bases may be shown also by their slow combustion, Fill a 
tall jar with oxygen gas, and fill also, with hydrogen gas, a bladder 
furnished with a stop-cock, and with a long brass pipe, bent like the 
letter S, and drawn out to a fine point (plate iv. fig. 41). On press- 
ing the bladder, a stream of gas will issue from the pipe, which may 
be set fire to, and brought cautiously under the tall inverted jar of 
oxygen gas. By this contrivance, the stream of hydrogen gas will be 
burnt in a confined portion of oxygen gas ; and, on continuing the 
combustion a sufficient length of time, the water will be seen to rise 
gradually within the jar. On the first impression of the heat, indeed, 
a quantity of gas will escape from the jar, which will render it difficult 
to ascertain what degree of absorption has actually taken place. But 
this loss may be prevented, by using a jar with a neck at the top, to 
which a compressed bladder is firmly tied. The expanded air, in- 
stead of escaping through the water, will now fill the bladder at the 
top ; and, when the experiment has closed, and the vessels have cool- 
ed, it may be ascertained, by pressing out the gas from the bladder, 
what quantity of oxygen gas has been consumed. 

The same experiment may be more accurately and elegantly 
made, with the assistance of an apparatus, which J have described in 
the Philosophical Transactions for 1808. The description cannot be 
understood without the plate which is there given, and which has 
been copied into the Philosophical Magazine, vol. xxxii. and Nich- 
olson's Journal, vol. xxi. The fact may, also, be shown by substitut- 
ing, for the bladder (c, fig. 41) a small gazometer, containing a 
measured quantity of hydrogen gas. Let the bent pipe be screwed 
on the cock of the gazometer ; and over its open end, placed perpen- 
dicularly, invert a jar of oxygen gas. This jar must be provided at 
the top with a metallic conductor, screwed into a brass cap, as repre- 
sented in fig, 4 1 ; which shows also the level of the water within the 
jar, attained by means of a syphon. After noting the height of th$ 
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water within, let a rapid succession of electric sparks be passed be- 
tween the two conductors ; and, on opening the cock at this instant, the 
stream of oxygen gas will be inflamed. The end of the pipe must then 
be so far depressed, that the cement of the brass cap may not be melted 
by the flame ; and the outer surface of the top of the vessel should he 
kept cool. When the gas is first lighted, the oxygen gas will be sud- 
denly expanded ; but, presently, a rapid diminution will go on, till the 
water rises above the end of the pipe and extinguishes the flame. If 
pure oxygen gas be employed, it will be found, after the experiment, 
uninjured in its quality, and will support the combustion of burning 
bodies as well as before. 

When the above experiment is made, with the substitution of 
common air for oxygen gas, a diminution takes place, but much less 
considerable, viz. not amounting to one 6th of the original bulk of the 
gas. 

OS") When a stream of hydrogen gas is burned under a tube, 18 or 
24 inches long, a musical sound is produced. The experiment may 
be made in the following manner : 

Into a glass bottle are put iron filings and sulphuric acid, diluted 
with five or six parts of water ; and a cock is fitted into the neck, 
through which a glass tube is passed, having its upper extremity 
drawn out to a capillary bore. By setting fire to the hydrogen gas,* 
which escapes from this extremity, a continued current or jet of flame 
is produced, which is allowed to pass into a tube either of glass, ear- 
then ware, or metal. If the tube be not too large, the flame becomes 
smaller as it is depressed ; and when the tube covers the flame to a 
considerable depth, very clear sounds are produced. But, on the 
contrary, if the tube be too narrow, the flame will be extinguished ; 
and, in proportion as the tube is enlarged, the sound diminishes : so 
that there is a certain limit at which it totally ceases. The same 
happens when the tube is too long. The sounds may be raised at 
pleasure, by either using tubes of various figures or dimensions, or 
made of different substances. (See Nicholson's Journal, 8vo. i. 129, 
andiv. 23.) 

(/*) In a memoir lately read to the National Institute of France, 
M. Biot announces the important fact, that a mixture of hydrogen 
and oxygen gases may be made to explode by mechanical compres- 
sion. A mixture of these two gases was introduced into a strong 
metallic syringe, furnished with a glass bottom, and a sudden stroke 
given to the piston. An extremely brilliant light appeared, accom- 

* The gas must not be inflamed, till it has been produced for some time, 
and has expelled all common air of the bottle ; otherwise an explosion will 
happen, and the bottle will be burst, with some danger to the operator, 
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panied with a loud detonation ; and the glass bottom was forcibly driv- 
en oufc The repetition of this experiment, it is obvious, must be at- 
tended with considerable difficulty and danger. (See Nicholson's 
Journal, xii. 212.) 

The combustion of hydrogen and oxygen gases is successfully ap- 
plied to the purpose of exciting an intense heal by the blow-pipe. 
The peculiar construction of the apparatus cannot be understood 
without a plate, which may be seen in the Annales cle Chimie, torn. 
xlv. or in the 14th volume of the Philosophical Magazine. It may 
be sufficient here to state, that the gases are contained each in a sep- 
arate gas-holder ; that they are expelled by the pressure of a column 
of water obtained by lengthening the pipe b, fig. 36 ; and that their 
mixture does not take place till they nearly reach the aperture of the 
pipe, at the extremity of which they are inflamed. This last precau- 
tion is of considerable importance, because a violent and dangerous 
explosion would otherwise happen. To guard the more effectually 
against this accident, it is advisable to affix a valve, opening outwards, 
in the pipe proceeding from each gas-holder, just before the junction 
of the two. 

3. Hydrogen gas has an unfilcasant smell, 

4. Though inflammable itself, it extinguishes burning bodies. — 
Bring an inverted jar, filled with this gas, over the flame of a candle ; 
and suddenly depress the jar, so that the lighted wick may be whol- 
ly surrounded by the gas. The candle will immediately be extin- 
guished. 

5. It is fatal to animals. — This may be shown by confining, in 
the gas, a mouse, or other small animal. 

6. It is considerably lighter than atmospherical air. — -One hun- 
dred cubic inches, the barometer being 30 inches, and the thermom- 
eter 60°, weigh, according to Kirwan, 2.613 grains; according to 
Lavoisier, 2.372 grains ; and according to Fourcroy, Vauquelin, 
and Scguin, 2.75 grains. Messrs. Biot and Arajo assign to it the spe- 
cific gravity of 0.07321. 

(a) Let a jar, filled with this gas, stand,"for a few seconds, with its 
open mouth upwards. On letting down a candle, the gas will be 
found to have escaped. 

(b) Place another jar of the gas inverted, or with its mouth down- 
wards. The gas will now be found to remain in the jar, being pre- 
vented from escaping upwards by the bottom and sides of the vessel. 

(c) Fill, with hydrogen gas, a bladder furnished with a stop. cock; 
and adapt to this a common tobacco pipe. Dip the bowl of the pipe 
into a lather of soap, and, turning the cock, blow up the lather into 
bubbles. These bubbles, instead of falling to the ground, like those 
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commonly blown by children, will rise rapidly into the air. On this 
property of hydrogen gas, is founded its application to the raising of 
balloons. 

(d) The experiment may be varied by filling the bladder with a 
mixture of two parts of hydrogen gas and one of oxygen gas. Bub- 
bles, blown with this mixture, take fire on the approach of a lighted 
candle, and detonate with a loud report. It is proper, however, not to 
set them on fire, till they are completely detached from the bowl of 
the pipe ; otherwise the contents of the bladder will be exploded, 
with considerable danger to the operator. 

In this place a property of hydrogen gas may be described, which 
it possesses in common with all other aeriform bodies, viz. a tenden- 
cy to diffusion through any other elastic fluid, with which it may be 
brought into contact. Common or inelastic fluids are capable of re- 
maining in contact with each other for a long time without admixture. 
Thus if we half fill a wine glass with spirit of wine tinged with any 
colouring ingredient, and then, by means of the dropping tube, fig. 15, 
introduce under it a quantity of water, the spirit floats on the water, 
and the two surfaces remain perfectly distinct, provided we carefully 
avoid agitation or unequal changes of temperature. But this is not 
the case with elastic fluids or gases, which, it has been discovered by 
Mr. Dalton,* penetrate each other, and become thoroughly mixed un- 
der all circumstances. The fact, with respect to hydrogen and oxy- 
gen gases, may be proved by a very simple apparatus. 

Provide two glass vials, each of the capacity of about an ounce 
measure, and also a tube open at both ends, 10 inches long and one 
?0th inch bore. At each end, the tube is to be passed through a per- 
forated cork, adapted to the necks of the vials. Fill one of the bot- 
tles with hydrogen gas, and the other with oxygen gas ; place the lat- 
ter on a table with its mouth upwards, and into this insert the tube se- 
cured by its cork. Then, holding the hydrogen bottle with itsjnouth 
downwards, fit it upon the cork at the top of the tube. The two bot- 
tles, thus connected, are to be suffered to remain in this perpendicu- 
lar position. After standing two or three hours, separate the vials, 
^.nd apply a lighted taper to their mouths, when it will probably occa- 
sion an explosion in each. The hydrogen gas, though nearly 1 4 times 
lighter than the oxygen, must, therefore, have descended through the 
tube from the upper into the lower vial ; and the oxygen gas, contra- 
ry to what might have been expected from its greater weight, must 
have ascended through the tube, and displaced the lighter hydrogen. 

Experiments of this kind, it has been shown by Mr. Dalton, may 
be extended to all the other gases ; but to prove the effect, tests of 

* Manchester Memoirs, vol. i. new series. 
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a different kind are necessary, which require a previous knowledge 
of the properties of these gases. They tend to establish the conclu- 
sion, that a lighter elastic Jluid cannot remain ujion a heavier with- 
out admixture. 



CHAPTER VI. 

OF THE COMPOSITION, DECOMPOSITION, AND PROPERTIES OF 
WATER. 

SECTION I. 

Synthesis , or Composition, of Water. 

In chap. v. sect. v. it was stated, that oxygen and hydrogen gases, 
when fired over water, in the proper proportion, wholly disappear. 
To ascertain the nature of the product thus formed, however, the ex- 
periment must be repeated over mercury, in a similar manner, by 
means of the detonating tube (pi. ii. fig. 28). When this is done re- 
peatedly, it is found that the product of the combustion is that well 
known fluid, water, which is thus proved to be composed of two ele- 
mentary ingredients. The water, produced in this mode, is not, how- 
ever, to be considered as a compound of the two gases, but only of their 
bases ; for the light and caloric, which constituted the gases, escape, 
in considerable part, during the combustion. Every gas, it must be 
remembered, has at least two ingredients ; the one, gravitating mat- 
ter, which, if separate, would probably exist in a solid or liquid 
form ; the other, an extremely subtile fluid, termed caloric. In the 
example before us, caloric (and perhaps electricity and light) is a 
common ingredient both of hydrogen and oxygen gases ; but the two 
differ in having different bases. The basis of the one is called hy- 
drogen, of the other oxygen ; and water may, therefore,-be affirmed 
to be a compound, not of hydrogen and oxygen gases, but of hydro- 
gen and oxygen. This may be proved in two modes, by synthesis, 
/. e. by joining together its two elementary ingredients ; and by analy- 
sis, in other words, by separating the constituent parts of water, and 
again exhibiting them in a distinct form. 

I. Fill, with hydrogen gas, a bladder, furnished with a stop-cock 
and bent pipe (fig. 41, c), as in the last chapter. Then pour into a 
shallow earthen dish as much quicksilver as will about half fill it 
and invert over this a glass bell, full of common air and perlectly dry. 
Expel the hydrogen gas through the pipe ; light the stream, and brin^ 
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it under the glass bell, by raising this, and depressing it into the mer- 
cury, as soon as the inflamed gas is introduced. A portion of air will 
escape, at first, in consequence of the rarefaction. As the combustion 
continues, water will form, and will condense on the sides of the 
glass. This water is produced by the union of hydrogen with the 
oxygen contained in atmospheric air. 

II. Those persons who are not possessed of a sufficient quantity 
of quicksilver to repeat the above experiment, may substitute the fol- 
lowing : procure a large glass globe, capable of holding three or four 
quarts, and having two openings, opposite to each other, which may 
be drawn out for a short distance, like the neck of a retort. Inflame 
the stream of hydrogen gas, and introduce it into the centre of the 
globe. The rarefied and vitiated air will ascend through the aperture 
of the globe, and a constant supply of fresh air will be furnished from 
beneath. By this combustion a quantity of water will be generated, 
which will be condensed on the inner surface of the vessel. 

III. A simple and ingenious apparatus, less costly than any other, 
intended for the purpose of exhibiting the composition of water, is 
made by Mr. Cuthbertson of London. It may be seen described and 
figured in Nicholson's Journal, 4to. vol. ii. page 235 ; or in the Phi- 
losophical Magazine, vol. ii. page 317 ;* and also in pi. iv. of this 
work, fig. 33. 

In using this apparatus, however, instead of two glass receivers 
for the oxygen and hydrogen gases, standing inverted in a trough of 
water, I employ a couple of gazometers ; and with this alteration, the 
experiment is more easily managed, as well as more striking. The 
apparatus, thus modified, consists of a large glass receiver or bottle a 
(pi. iv. fig. 34), with an opening at the bottom, into which is cement- 
ed a piece of brass, perforated with two holes. This brass piece is 
represented of a larger size in fig. 33 ; the aperture a conveying the 
oxygen gas, and b the hydrogen. Before commencing the experi- 
ment, the cock e. fig. 34, is screwed, by means of a collar-joint,t to 
the cock b of the gazometer, fig. 35, containing oxygen gas ; and to 
the cock d, by the same means, is affixed another gazometer, filled 
with hydrogen gas. 

When it is intended to ascertain, accurately, the proportions of 
gases consumed and of water generated, the receiver a, previously 

* In the sime volume of the Philosophical Magazine, an interesting account 
may be consulted of the principal experiments on the composition of water, 
accompanied by neat and perspicuous engravings of the apparatus employed 
-in them. 

f See pi. v. fig. 47 ; and the corresponding description of the structure of 
this joint, in the explanation of the plates at the end of the work. 
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weighed, is first exhausted by an air-pump, with which it may be con- 
nected by the female screw at c. The quantity of common air left 
in the receiver may be determined, by enclosing a gage within it. If 
the additional expense be not deemed an objection, it is advisable, 
that after exhausting the receiver, oxygon gas should be admitted ; 
its contents be exhausted a second time ; and again renewed by fresh 
oxygen from the gazometer, the quantity of which may be observed 
by the graduated scale. The receiver being thus filled with oxygen 
gas, and accurately closed by a cock at c, a succession of sparks is to 
be passed, from the prime conductor of an electrical machine, be- 
tween the platina knob of the bent wire within the receiver, and the 
point of the brass cone. While the sparks are transmitted, the cock 
d is to be opened. A stream of hydrogen gas will immediately issue 
from the aperture at the point of the cone, and will be inflamed by the, 
electric spark, as represented fig. 33. The cock e is now to be open- 
ed, and the size of the flame of hydrogen gas moderated by partly 
shutting the cock d. As the volume of hydrogen gas consumed is 
double that of the oxygen ; and the pipe, which transmits it, is of less 
diameter than that conveying the latter, about twice the pressure is 
required to expel the hydrogen. This is given, by lessening, in that 
proportion, the weight of the counterpoises (ee, fig. 35) of the gazom- 
eter containing hydrogen. 

During the combustion, the moveable vessel e, fig. 35, of each ga- 
zometer descends ; and, by observing the graduated scales, it will be 
seen that the hydrogen vessel falls twice as quick as that which holds 
the oxygen gas. It is necessary to keep the receiver a cool by means 
of wet cloths ; and, when this is done, the water, which is produced, 
will form into drops on the inside of the receiver, and collect at the 
bottom. At the conclusion of the experiment, the receiver is to be 
again weighed, and the increase noted. The quantity of gases con- 
sumed is to be observed, and their actual weight computed, by means 
of the table given in the Appendix. It will be found, that the weight 
of water produced is very nearly equal to that of the two gases ex- 
pended ; that is to say, excluding decimals, for every hundred grains 
of water generated in the receiver eighty-five grains of oxygen gas ? 
and fifteen grains of hydrogen gas (equal by measure to about 250 
cubic inches of the former, and 500 of the latter), will have disappear- 
ed from the gazometers. 

IV. By firing repeated portions of a mixture of oxygen and hy- 
drogen gases over mercury, a sensible quantity of water will at last 
be produced. 

Vol. I, 19 
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SECTION II. 

Analysis, or Decomposition of Water. 

The analytic experiments on water are of two kinds : 1st, Such 
as present us with one of its ingredients only, in a separate and dis- 
tinct form ; 2dly, Such as present us with its two component princi- 
ples, the hydrogen and oxygen, mixed together in a state of gas. 

I. Of the first kind are the following : 

1 . Procure a gun-barrel, the breech of which has been removed, 
so as to form a tube open at each end. Fill this with iron wire, coiled 
up in a spiral form. To one end of the barrel adapt a small glass re- 
tort, partly filled with water, and to the other a bent glass tube, the 
open end of which terminates under the shelf of the pneumatic cis- 
tern. Let the barrel be placed horizontally (or rather with that end, 
to which the retort is fixed, a little elevated) in a furnace, which has 
two openings in its body opposite to each other. (PI. iv. fig. 40.) 
Light a fire in the furnace ; and, when the gun-barrel has become 
red-hot, apply a lamp under the retort. The steam of the water will 
pass over the red-hot iron, and will be decomposed. Its oxygen will 
unite with the iron ; and its hydrogen will be obtained in the form of 
a gas. This is the readiest " and cheapest mode of procuring hydro- 
gen gas, when wanted in considerable quantity. 

2. The same experiment may be repeated ; substituting an ear- 
then tube for a gun-barrel, and weighing the iron wire accurately, both 
before and after the experiment. The iron will be found tc^ have 
gained weight very considerably ; and, if attention be paid to the 
weight of the water that escapes decomposition, by an addition to the 
apparatus (fig. 40, e\ and to the weight of the gases obtained, it will 
be found, that the weight gained by the iron, added to that of the hy- 
drogen gas, will make up exactly the weight of the water that has 
disappeared. From experiments of this kind, conducted with the ut- 
most attention to accuracy, as well as from synthetic experiments, it 
appears, that water is compounded of 85 per cent, oxygen, and 15 hy- 
drogen, by weight, very nearly. But as hydrogen gas is eleven times 
lighter than common air, the proportion of gases, by volume, required 
to form water, is about two of hydrogen to one of oxygen gas. By the 
decomposition of every hundred grains of water, therefore, the iron em- 
ployed gains 85 grains, and becomes oxidized; and 15 grains (equal 
to about 500 cubical inches) of hydrogen gas are obtained. 

3. Water may be decomposed, in a similar apparatus, over char- 
coal instead of iron. The results, however, are different in this case, 
as will appear from a subsequent section. 
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4. Another mode of effecting the decomposition of water yet rer 
mains to be mentioned, in which not the hydrogen, but the oxygen, is 
obtained in a gaseous state. This is by the action of living vegeta- 
bles ; either entire, or by means of their leaves only. Fill a clear 
glass globe with water, and put into it a number of green leaves, from 
almost any tree or plant. A sprig or two of mint will answer the pur- 
pose perfectly well. Invert the glass, or place it, with its mouth 
downwards, in a vessel of water. Expose the whole apparatus to the 
direct light of the sun, which will then fall on the leaves surrounded 
by water. Bubbles of air will soon begin to form on the leaves, and 
will increase in size, till at last they rise to the top of the vessel. 
This process may be carried on as long as the vegetable continues 
healthy ; and the gas, when examined, will prove to be oxygen gas, 
nearly pure. In this experiment, the hydrogen combines with the 
plant, to the nourishment and support of which it contributes, while 
the oxygen is set at liberty. 

II. The processes, by which the elementary parts of water are sep- 
arated from each other, and are both obtained in an aeriform state, as 
a mixture of hydrogen and oxygen gases, are dependent on the agen- 
cy of electricity. 

1. The first of these experiments requires for its performance 
the aid of a powerful electrical machine. This fact was the discov- 
ery of a society of Dutch chemists ; and the principal circumstance, 
in the experiment, is the transmission of electrical shocks, through a 
confined portion of water. The apparatus employed, in this experi- 
ment of Messrs. Dieman and Van Troostwyk, is a glass tube, about 
one 8th of an inch diameter, and 12 inches long, one of the ends of 
which is sealed hermetically, a gold wire being inserted at this end, 
and projecting about an inch and a half within the tube. About the 
distance of five 8ths of an inch from the extremity of this, another 
wire is to be fixed, which may extend to the open end of the tube. 
The tube is next to be filled with distilled water, and to be placed 
inverted in a vessel of the same. When thus disposed, electrical 
shocks are to be passed between the two ends of the wire, through 
the water; and, if these shocks be sufficiently strong, bubbles of air 
will be formed at each explosion, and wjjl ascend till the upper part 
of the wire is uncovered by the water. As scon as this is effected, 
the next shock that is passed will set fire to the air, and the water 
will rise again in the tube, a very small quantity of gas remaining. 
Now, as hydrogen and oxygen gases, in a state of admixture, are 
the only ones that are capable of being inflamed by the electric 
shock ; and as there is nothing in the tube, besides water, that rau 
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afford them in this experiment, we may safely infer, that the evolved 
hydrogen and oxygen gases arise from decomposed water. 

2. An improved apparatus, exhibiting the same experiment, 
with less trouble to the operator, has been invented by Mr. Cuth- 
bertson, and may be seen described and figured in Dr. Pearson's pa- 
per in the Philosophical Transactions for 1797, or in Nicholson's 
Journal, vols. i. and ii. 4to. 

3. The decomposition of water by galvanic electricity is a pro- 
cess singularly adapted to demonstrate the fact in a simple and ele- 
gant manner. The manner of conducting it, as well as the results, 
will be fully explained, when we come to treat of the general princi- 
ples of electro-chemical science. 

SECTION III. 

Properties and I^ffccts of Water.* 

I. Water contains air.-— .This may be shown by placing a glass 
vessel of water under the receiver of an air-pump. During the ex- 
haustion of the receiver, bubbles of air will be seen to ascend very 
plentifully. Much air escapes also, from water, during ebullition, and 
may be collected by a proper apparatus. The same fact may also be 
exhibited, by filling a barometer tube, about 32 inches long, sealed at 
one end, with quicksilver, except about four inches, and the remain- 
der with water. On inverting the open end of the tube in quicksil- 
ver, bubbles of air will be seen, in a short time, to rise from the wa- 
ter. . 

The kind of gas, extricated from the water of a spring at a con- 
siderable distance from the surface, I have made the object of experir 
ment. (Philosophical Transactions, 1803.) From 100 cubic inches 
of the water, or about 3^ wine pints, 4.76 cubic inches of gas were 
separated, of which 3.38 were carbonic acid gas, and 1.38 air of the 
same standard as that of the atmosphere. 

Every gas is absorbed by water, deprived of all or the greatest 
part of its air by long boiling. The quantity, however, which water 
is capable of absorbing, varies^considerably with respect to the differ- 
ent gases. Those, of which only a small proportion is absorbed, re- 
quire violent and long continued agitation in contact with water. The 
following table has been drawn up by Mr. Dalton from the combined 
results of his own experiments and mine. < 

• Whenever, in the course of this work, water is mentioned as an agent in 
any chemical operation, pure distilled water is to be understood. 
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Water absorbs, at the mean pressure and temperature of the at- 
mosphere, 

Of carbonic acid gas . • its own bulk. 

sulphuretted hydrogen do - 

nitrous oxide . • • .do. 

olefiant gas ... ••••*• 

i 

oxygen gas . • • • 5? 

nitrous gas . • • .do. 

carburetted hydrogen . do. 

carbonic oxide . • i%> 

do. 



do. 
water, is still a 



azotic gas .... 
hydrogen gas . ... 

The principle, on which gases are retained by 
matter of controversy. By Berthoflet and the generality of chemists, 
it is ascribed to the exertion of a chemical affinity between the gas 
and the water ; but it has been suggested by Mr. Dalton (and as ap- 
pears to me with greater probability) that the fact may be better ex- 
plained on mechanical principles. A statement of the argument may 
be seen in Mr. Dalton's " New System of Chemical Philosophy," or 
in two papers, which I have published in the eighth and ninth vol- 
umes of Nicholson's Journal. 

II. Water is contained in the air of the atmosphere, even during 
the driest weather. — Expose to the air, in a shallow vessel, a little 
sub-carbonate of potash or common salt of tartar. In a few days it 
will have become moist, or deliquiated. On the same principle, wa- 
ter exposed to the air, in a shallow vessel, disappears, being dissolv- 
ed by the atmosphere. The quantity ol water, that may be extract- 
ed from 100 cubical inches of air, at 57° Fahrenheit, is 0.35 of a grain ; 
but, according to Clement and Desormes, at 54° Fahrenheit, only 
0.'*36 of a grain can be detached by exposure to muriate of lime. 
The experiments, both of these chemists and of Mr. Dalton, concur 
in proving that at the same temperature, equal bulks of different gas- 
es give up the same quantity of water to deliquescent salts. The 
portion of humidity, which they thus abandon, has been called hygro- 
metic water. Whether they contain a still farther quantity in a state 
of more intimate union and not separable by deliquescent substances, 
js still undetermined, 

III. Water dissolves a great variety of solid bodies.— The sub- 
stances, on which it exerts this effect, are said to be soluble in water; 
and there are various degrees of solubility. See chap. i. and the ta'- 
ble in the Appendix. 

IV. JDumng the solution of bodies in water, a change of temper- 
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mture ensue*. — In most instances, an absorption of caloric (in other 
words, a production of cold) is attendant on solution, as in the exam- 
ples given in chap. iii. sect. 2. But, in other cases, caloric is evolved, 
or heat is produced. Thus, common salt of tartar, during solution in 
water, raises the temperature of its solvent ; and caustic potash, in a 
state of dryness, does the same still more remarkably. Both carbo- 
nated and pure potash, however, when crystallized, observe the usual 
law, and absorb caloric during solution. Now as their difference, in 
the crystallized and uncrystallized state, depends chiefly on their con- 
taining in the former, but not in the latter, water chemically combin- 
ed, we may infer, that the cold, produced during the solution of salts, 
is occasioned by the conversion of the water, which exists in these 
bodies, from a solid to a liquid form. 

V. During the solution of salts in water, a quantity of air is dis- 
engaged. — This air was partly contained mechanically in the salt, and 
partly in the water. That it does not arise entirely from the former 
source, is proved by varying the experiment in the following manner. 
Let an ounce or two of sulphate of soda be put into a vial, and pour 
on this as much water as will completely fill the bottle. The air con- 
tained in the pores of the salt will be thus disengaged ; but only a 
small portion of the salt will be dissolved, agreeably to the principle 
laid down, chap. ii. 7. Let the vial be shaken, and the whole of the 
salt will disappear ; a fresh portion of air being liberated during solu- 
tion. The air, that now appears, is extricated from the water, in 
consequence of the affinity between the water and the salt being 
stronger than that between the water and the air. It is, therefore, a 
case of single elective affinity. 

VI. During the solution of bodies, the bulk oj water changes. — 
Take a glass globe, furnished with a long narrow neck (commonly 
termed a mattras, see fig. 4), and put into it an ounce or two of sul- 
phate of soda. Then, add as much water as will fill the globe, and 
about three 4ths of the neck. This should be done with as little agi- 
tation as possible, in order that the salt may not dissolve, till requir- 
ed. Mark, by tying a little thread, or by a scratch with a file, the line 
where the water stands ; and then agitate the mattras. The salt will 
dissolve ; air will be set at liberty ; and, during the solution, the wa- 
ter will sink considerably below its level. The contraction of bulk is 
owing to the diminution of temperature ; and, when the water has re- 
gained its former temperature, it will also be found, that its bulk is 
increased by the addition of salt. The Bishop of Landaff observed, 
that water exhibits 1 a manifest augmentation of bulk, by dissolving 
only the two thousandth part of its weight of salt ; a fact sufficiently 
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decisive against that theory, which supposes pores in water capable 
of receiving saline bodies without an augmentation of volume. 

VII. Water has its solvent power increased, by diminishing the 
pressure of the atmosphere. — Into a Florence flask, put half a p< 

of sulphate of soda ; pour on it barely a pint of water, and app 
so as to boil the water. The whole of the salt will be dissolves. Boil 
the solution for several minutes pretty strongly, so as to drive out the 
air ; and cork the bottle tightly, immediately on its removal from the 
fire. To prevent more completely the admission of air, tie the cork 
over with t bladder. As the vessel cools, an imperfect vacuum will 
be formed over the solution; for the steam, which arises during 
the ebullition, expels the air, and takes its place. The steam is con- 
densed again, when the vessel cools. The solution, when perfectly 
cold, may be shaken without any effect ensuing, so long as the ves- 
sel is kept closely stopped ; but, on removing the cork and shaking 
the vessel, the solution will immediately congeal, and heat will be 
produced. This experiment, besides the principle which it is pecu- 
liarly intended to illustrate, exemplifies also the general rule laid 
down, chap. iii. sect. 2. vi. viz. that caloric is always evolved, during 
the transition of bodies from a fluid to a solid state ; and it furnishes 
a fact exactly the reverse of that in which cold is produced, or caloric 
absorbed, during the solution of salts. 

VIII. It is unnecessary to add any thing to what has been already 
said in a former section, respecting the combination of caloric with 
water constituting steam ; or to the history of the phenomena attend- 
ing its conversion into ice ; except that, during the latter change, its 
bulk is enlarged in the proportion of nine to eight, and that in conse- 
quence of this expansion, water, during congelation, is capable of 
bursting the strongest iron vessels ; and becomes specifically lighter. 
Hence, ice swims always on the surface of the water. 

It is remarkable, that this enlargement of the bulk of water be- 
gins long before its temperature has descended to the freezing point, 
viz. at about 40° Fahrenheit. Let a thermometer bulb, and part of 
its tube, having a wide bore, be filled with water, tinged with a little 
litmus, which may be introduced by the same mc'ans as those already 
directed for filling with quicksilver. Immerse the thermometer in 
water of the temperature of 40° ; and, when the included water may 
be supposed to have attained the same degree of beat, remove the in- 
strument successively into water of the temperature of 36° and 32°. 
At each immersion, the water will rise in the tube. Bring its tem- 
perature again to 40°, and it will descend to the same poWt as before. 
Place it in water of 50°, and it will «gain be expanded. Precisely 
similar effects, therefore, appear to result, in these experiments, from 
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two opposite causes ; for the bulk of water is alike increased by re- 
ducing or raising its temperature. It is contended, however, by Mr. 
Dalton, that, in the apparent expansion by a lower temperature, there 
is a deception, arising from the contraction of the glass, which must 
lessen the capacity of the bulb, and force the water up the stem. 
The question is not yet decided ; and is still contested by Mr. Dalton 
against the experiments of Count Rumford and of Dr. Hope. The 
former philosopher now contends, that water is of the greatest density 
at 36° of Fahrenheit, or 4° above its freezing point. 



CHAPTER. VII. 



ON THE CHEMICAL AGENCIES OF COMMON AND GALVANIC 
ELECTRICITY. 

That branch of natural science, which comprehends the phenom- 
ena of Galvanism, and the general principles under which they are 
arranged, is only of very recent origin. It was not till the year 1791, 
that Galvani, an Italian philosopher, being engaged in a course of ex- 
periments on animal irritability, observed accidentally the contractions, 
which are excited in the limbs of frogs, by applying a conductor of 
electricty between a nerve and a muscle. The theory, which he 
framed to account for this phenomenon, was that the different parts of 
an animal are in opposite states of electricity, and that the effect of 
the metal is merely to restore the equilibrium. The analogy, how- 
ever, was afterwards shown to be without foundation, by Volta, who 
excited similar contractions by making a connection between two 
parts of a nerve, between two muscles, or between two parts of the 
same muscle ; but to produce the effect two different metals were 
found to be essential. Hence he wa3 led to infer that, by the contact 
of different metals, a small quantity of electricity is excited ; and to 
the agency of this electricity, first upon the nerves and through their 
mediation on the muscles, he ascribed the phenomena in question.^ 

Several years elapsed, during which the action of galvanic elec- 
tricity on the animal body, and the discussion of its cause, chiefly oc- 
cupied the attention of philosophers. Early in 1800, the subject took 
a uew turn, in consequence of the discovery by Signor Volta of the 
Galvanic Pile •* a discovery which has furnished us with new and 
important instruments of analysis, capable, if any such there are, of 
leading to a knowledge of the true elements of bodies. From this pe- 
riod, discoveries have multiplied with a rapidity and to an extent, 
* Philosophical Transactions, 1800, or Philosophical Magazine, vii. 289. 
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which surpass any thing before known in the history of science ; and 
the facts are now become so numerous, that an arrangement and clas- 
sification of them seem to be preferable to an historical detail in the 
order of time. The method, which appears to me best calculated to 
give a distinct view of the subject, is to describe, 

I. The construction of galvanic apparatus, and the circumstances 
essential to the excitement of this modification of electricity : 

II. The facts, which establish its identity with the electricity ex- 
cited by ordinary processes : 

III. The agency of the electric or galvanic fluid in producing 
chemical changes : 

IV. The theory, by which these changes, in the present state of 
our knowledge, are best explained : And 

V. The hypotheses, which have been framed to account for the 
origin of the electricity, excited by galvanic arrangements. 

SECTION I. 

Of the Construction of Galvanic Arrangements. 

For the excitation of ordinary electricity, it is well known that a 
class of substances are required, called electrics, by the friction of 
which the electric fluid is accumulated, and from which it may be 
collected by a different class of bodies, termed non-electrics, or con- 
ductors. When friction, for example, is applied to the glass cylin- 
der of an electrical machine, the electric fluid flows to it from sur- 
rounding bodies, and from thence passes to the prime conductor, in 
which it exists in a greater than natural quantity. All then that is 
effected, by the action of the machine, is a disturbance of the natural 
quantity of electricity in bodies, or a transfer of it from some to oth- 
ers, in consequence of which, while the latter acquire a redundance, 
the former become proportionally deficient in their quantity of elec- 
tricity.* 

The conditions necessary to the excitement of galvanic electricity 
are altogether different : for the class of bodies, termed electrics, have 
now no longer any share in the phenomena. All that is required is 
the simple contact of different conducting bodies with each other, one 

* This theory appears to me to have several advantages over the hypothe- 
sis, which supposes two different kinds of electricity, capable by combination 
i utilizing each other. The only modification, I would propose, is a 
slight change of terms ; and the adoption of those suggested by Mr. Cuthbert- 
s'on, viz. condensed and rarefied, instead of positive and negative electricity 
Vol. I 20 
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or more of which must be in a fluid state. Conductors of electricity 
have been divided into perfect and imperfect, the former comprehend- 
ing the metals, plumbago and charcoal ; the latter, or imperfect, includ- 
ing water, saline solutions, acids, and animal fluids. 

The least complicated galvanic arrangement is termed a simple 
galvanic circle. It consists of three conductors, two of which 
must be of the one class, and one of the other class. In the follow- 
ing tables, constructed by Mr. Davy, some different simple circles 
are arranged in the order of their powers, the most energetic occupy- 
ing the highest place. 



TABLE OF SOME GALVANIC CIRCLES, 

Composed of two perfect Conductors and one imperfect Conductor. 



Zinc. 

Iron. 
Tin. 
Lead. 
Copper. 
Silver. , 



With gold, charcoal,] 
silver, copper, tin,' 
iron, mercury. | • 

. . . . gold, charcoal,. "S 
silver, copper, tin. 1 ^ 

. . . . gold, silver,J tp 
charcoal. 

. . . . gold, silver. 



gold, silver, 
gold. 



Solutions of nitric ac- 
id in water, of muri- 
atic acid and sulphu- 
ric acid, 8cc. Water 
holding in solution 
oxygene, atmospher- 
ic air, 8cc. 

I " Solution'' of nitrate of 
< silver 8c mercury. Ni- 
(. trie acid, acteous acid. 
Nitric acid. 



TABLE OF SOME GALVANIC CIRCLES, 

Composed of two imperfect Conductors and one perfect Conductor. 



o 


Charcoal. 


o 


V 


Copper. 


£ 


T3 


Silver. 


' "O 


C 
O 


Lead. 


o 
o 




Tin. 




o 


Iron. 


."J 


o 


Zinc. 


CD 


ft 


1 


J3 



/ 



Solutions of hydro- 
genated alkaline 
sulphurets, capa- 
ble of acting on 
the first three 
metals, but not on 
the last three. 



6 



Solutions of nitrous 
acid, oxygenated 
muriatic acid, See. 
capable of acting 
on all the metals. 






The powers of simple galvanic circles are but feeble ; but they 
may be made sufficiently apparent by the following experiments. 

1 . When a piece of zinc is laid upon the tongue, and a piece of 
silver under it, no sensation is excited, so long as the metals are kept 
apart ; but, on bringing them into contact, a metallic taste is distinct- 
ly perceived. In this case we have an example of the arrangement 
of two perfect conductors (the metals) with one imperfect one (the 
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tongue, or rather the fluids which it contains). The metallic taste 
arises, in all probability, from the excitement of a small quantity of 
electricity by the contact of the metals, and its action on the nerves of 
the tongue. 

■2. A piece of zinc, immersed under water which is freely ex- 
posed to the atmosphere, oxidizes very slowly ; but when placed in 
the same situation, in contact with a piece of silver, its oxidation is 
much more rapid. By immersing iron and silver (also in contact 
with each other) under diluted muriatic acid, the action of the acid 
upon the iron is considerably increased ; and hydrogen gas is evolv- 
ed from the water, not only where it is in contact with the iron, but 
where it touches the silver. These facts explain why, in the sheath- 
ing of ships, it is necessary to use bolts of the same metal which forms 
the plates ; for if two different metals be employed, they both oxidate 
or rust very speedily, in consequence of their forming, with the wa- 
ter of the ocean, a simple galvanic circle. 

Of compound Galvanic Circles or Batteries. 

Galvanic batteries are formed by multiplying those arrangements., 
which compose simple circles. Thus if plates of zinc and of silver, 
and pieces of woollen cloth of the same size as the plates and moisten- 
ed with water, be piled upon each other (fig. 77, pi. ix), in the order 
of zinc, silver, cloth ; zinc, silver, cloth ; and so on, for twenty or 
more repetitions, we obtain a galvanic battery termed, from its dis- 
coverer, the Pile of Volta. The power of such a combination is 
sufficient to give a smart shock, as may be felt by grasping in the 
hands, which should be previously moistened, two metallic rods, 
and touching with these the upper and lower extremities of the 
pile. The shock may be renewed at pleasure ; until, after a few 
hours, the activity of the pile begins to abate, and finally ceases alto- 
gether. 

The metals, composing a galvanic battery, may be more conven- 
iently arranged in the form of a trough, a happy invention of Mr. 
Cruikshank. In a long and narrow wooden trough, made of baked 
wood, grooves are cut, opposite to and at the distance of about one 3d 
.of an inch from each other ; and into these are let down, and secur- 
ed by cement, square plates of zinc and copper, previously united to- 
gether by soldering. (See figs. 37 and 78.) The space, therefore, 
between each pair of plates, foims a cell for the purpose of containing 
the liquid, by which the combination is to be made active. The ad- 
vantage of this contrivance, over the pile, is partly that it is much 
more easily put in order ; but, besides this, it is a more efficient in- 
strument. When constructed in the way which has been described, 
ft affords an example of a galvanic combination of the first kind, form- 
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ed by two perfect and one imperfect conductor. But it admits of be- 
ing modified, by cementing, into the grooves, plates of one metal only, 
and filling the cells, alternately, with two different liquids, as diluted 
nitric acid and solution of sulphuret of potash. In this case, we have 
a battery of the second order, formed by the repetition of one perfect 
and two imperfect conductors. For all purposes of experiment, the 
first kind of arrangement is universally preferred. 

Another modification of the apparatus, which may be called the 
Chain ofCufis, was proposed by Volta, at the same time that he com- 
municated his invention of the Pile ; and, from the recent experi- 
ments of Mr. Children,* it appears to be a very useful and powerful 
one. It consists of a row of glasses (see fig. 75), such as wine glass- 
es or small tumblers, for the purpose of containing any fluid that may 
be selected. Into each of these glasses is plunged a plate of zinc 
and another of copper, each not less than an inch square, which are 
not to touch each other. The plates, of different cups are con- 
nected by metallic wires or arcs, in such a manner that the zinc of the 
first cup communicates with the copper of the second ; the zinc of 
the second with the copper of the third ; and so on through the whole 
row. The shock is felt on dipping the fingers of one hand into the 
fluid of the first cup, and those of the other hand into the last of the se- 
ries. The superiority of this arrangement consists in both surfaces 
of each metallic plate being exposed to the action of the liquid ; 
whereas, by soldering the plates together, one of the surfaces of each 
is protected from the liquid, and contributes nothing to the effect. 
The common trough has lately been made to combine this advan- 
tage, by dividing it into cells, not by plates of metal, but by partitions 
of glass. Into each of these cells, filled with the proper liquid, a 
plate of each metal is introduced, but not so as to touch each other 
A communication is then made, by a metallic arc, between the zinc 
plate of each cell and the copper one of the next, precisely as in the 
chain of cups. More lately the troughs themselves have been made 
of earthen ware, and the partitions of the same material ; the appara- 
tus being completed, in other respects, in the manner already de- 
scribed. 

The size of the plates has been varied from one or two inches 19 
several feet. For ordinary purposes, plates of two inches square are 
sufficient ; but for the repetition of Mr. Davy's experiments, not less 
than i00 pairs of plates, each four inches square, are required.! The 

* Philosophical Transactions, 1809, page 32. 

f Some useful information respecting the number and size of plates, adapt- 
ed to different purposes, is given by Mr. Singer in Nicholson's Journal, vol. 
xxiv, page 174. 
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enlargement of the size of the troughs, so as to contain this number 
would be extremely inconvenient ; and we may therefore combine the 
power of several troughs, by uniting the zinc end of the one with 
the copper end of the other, by the intervention of a metallic wire. 

It may be sufficient to add, in general terms, that every combina- 
tion, which is capable of forming a simple galvanic circle, may, by 
sufficient repetition, be made to compose a battery. The combina- 
tions, also, which are most active in simple circles, are observed to be 
most efficient in compound ones. The foregoing tables of Mr. Davy 
express, therefore, the powers of compound as well as of simple ar- 
rangements. 

To construct a battery of the first order, it is essential that a fluid 
be employed, which exerts a chemical action upon one of the metals. 
Pure water, entirely deprived of air, appears to be inefficient. In gen- 
eral, indeed, the galvanic effect is, within certain limits, proportional 
to the rapidity with which the more oxidable metal is acted upon by 
the intervening fluid. The fluid generally used is nitric acid, diluted 
with 20 or 30 times its weight of water. Mr. Children recommends 
a mixture of three parts fuming nitrous acid, and one sulphuric, di- 
luted with thirty parts of water. Directions, also, respecting the best 
kind and density of acids, for producing galvanic electricity, are giv- 
en by Mr. Singer. From his experiments it appears, that acid of 
different densities is required for different purposes. 

The power of the apparatus has been found to be increased, when 
insulated by non-conductors ; and when surrounded by an atmosphere 
of oxygen gas ; not sufficiently, however, to make it necessary to re- 
sort to either of these expedients in ordinary cases. Oxygen gas 
disappers in this process, when carried on under a receiver ; and, af- 
ter all the oxygen is absorbed, the effect ceases, and is renewed by in- 
troducing a fresh portion. When the cells are filled with diluted ni- 
tric acid, the apparatus continues active, even under the exhausted 
receiver of an air-pump, or in an stmosphere of carbonic acid or nitro- 
gen gases. But if the cells be filled with water only, all action is sus- 
pended, by placing it under any of these circumstances. Hence it 
appears that the oxidation of one or both of the metals, composing 
the trough, is essential to the excitement of galvanic electricity. 
[See note 1 4 at the end of this Vol.] 
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SECTION II. 

On the mutual Relation of Electricity and GalvanUm. 

Is the influence, it may now be inquired, which is called into ac- 
tion in a way so different from that employed for the excitation of 
ordinary electricity, identical with it or of a different kind ? This 
question will be decided by examining whether any of those phe- 
nomena, which are occasioned by the agency of the electric fluid, are 
produced also by that of galvanism ; and we shall find the following 
•striking resemblances. 

1 . The sensation, produced by the galvanic shock, is extremely 
similar to that which is excited by the discharge of a Leyden jar. 
Both influences, also, are propagated through a number of persons, 
without any perceptible interval of time. 

2. Those bodies, which are conductors of electricity, are also 
conductors of the galvanic fluid, as the metals, charcoal, and a varie- 
ty of liquids. Again, it is not transmitted by glass, sulphur, and 
the whole class of electrics, which do not convey ordinary electricity. 
Among liquids, those, only are conductors of electricity and galvan- 
ism, which contain oxygen as one of their elements.* 

3. The galvanic fluid passes through air and certain other non» 
conductors, in the form of sparks ; accompanied with a snap or re- 
port ; and, like the electric fluid, it may be made to inflame gun- 
powder, phosphorus, and mixtures of hydrogen and oxygen gases. 
It has lately been found, also, by Mr. Children, that in the Voltaic 
apparatus there is, what is called in electricity, a striking distance. 
With a power of 1250 pairs of four inch plates, he found this dis- 
tance to be one 50th of an inch, the thickness of a plate of air, 
through which the galvanic discharge is able to pass in the form of 
a spark. Increasing the number of plates, the striking distance will 
be greater ; and the reverse when it is diminished. 

4. The Voltaic apparatus is capable of communicating a charge 
to a Leyden jar, or even to a battery. If the zinc end of a pile 
(whether it be uppermost or the contrary) be made to communicate 
with the inside of a jar, it is charged positively. If circumstances 
be reversed, and the copper end be similarly connected, the jar is 
charged negatively.f The shocks do not differ from those of a jar, 

* Cruikshank, in Nicholson's 4to. Journal, iv. 258. 

f Cuthburtson's Practical Electricity and Galvanism, page 261. Volta, 
m Nicholson's Journal, 8vo. i. 140. Van Marum, in Philosophical Maga- 
zine, xii. 162. 
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or battery, charged to the same intensity by a common electrical 
machine. 

5. Galvanism, even when excited by a single galvanic circle only 
(such as a piece of zinc, a similar one of copper, and a piece of cloth 
moistened with a solution of muriate of ammonia), distinctly affects 
the gold leaf of the condensing electrometer. If the zinc end be 
uppermost, and be connected directly with the instrument, the elec- 
tricity indicated is positive ; if the pin of the electrometer touch the 
copper, the electricity is negative. A pile consisting of sixty com- 
binations produces the effect still more remarkably.* 

6. The chemical changes produced by galvanic and common 
electricity, so far as they have hitherto been examined, are precisely 
similar. These will form the subject of the following section. 

SECTION III. 

On the Chemical Agencies of Electricity and Galvanisin. 

The effects of the electric or galvanic fluids, in producing chem- 
ical decomposition, cannot be described, without introducing to the 
reader the names of several substances, with which, in the present 
state of his knowledge, he may be supposed to be unacquainted. 
This difficulty is unavoidable ; for it is impossible to explain the 
general laws of electro-chemical action, without a variety of partic- 
ular instances. In general, however, it will be found that a minute 
acquaintance with the bodies, which are brought in illustration, is by 
no means essential ; and that it is sufficient to consider them as com- 
posed simply of two ingredients, which are in opposite electrical 
states, and are subject to the laws of electrical attraction and re- 
pulsion. 

The most simple chemical effect, produced alike by the agency 
of electricity and galvanism, is the ignition and fusion of metals. 
When a piece of watch pendulum wire is placed in the circuit of a 
common electrical battery, containing not less than three or four- 
square feet of coating, at the moment of the discharge the wire be- 
comes red hot ; but continues so only for a few seconds, no longer, 
indeed, than if it had been ignited in any other way.f The same 
effect may be produced by making a piece of wire the medium of 
communication between the opposite extremities of a galvanic 
trough : but, in this case, the heat continues sensibly longer, than 

* Nicholson, 8vo. i. 139, and ii. 281 ; Cuthburtson, page 264. 
•j- On the quantity of coated surface required for igniting different lengths 
of wire, the reader may consult Mr. Cuthbei 
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when it is excited by an electrical explosion. Water, surrounding a 
wire so placed, may be made to boil briskly. 

When the power of an electrical battery is increased, metallic 
wires, by transmitting- the discharge through them, may be melted 
and dispersed in the form of smoke, or of an inpalpable powder 
lighter than air. The galvanic discharge, also, is capable of fusing 
metallic wires ; but being less violent, it does not scatter their parti- 
cles to a distance. Even wire from the most infusible of the metals, 
platina, acquires a white heat, and melts into globules. 

With a still more powerful electrical battery (one for example 
containing about 1 8 square feet) metallic wires are not only melted, 
but undergo absolute combustioji. Lead and tin wire emit a yellow 
light, and copper and silver a green one. If the experiment be 
made on wire confined in a glass receiver, which contains a measur- 
ed quantity of air, the bulk of the air, and its proportion of oxygen, 
are both found to be diminished.* The metals arc converted into 
oxides of different colours ; lead, tin, and zinc, into white oxides ; 
platina, gold, silver, and copper, into oxides of a dark colour. The 
experiment may be pleasingly varied by passing the discharge 
through wires, stretched over panes of glass or sheets of paper, at a 
small distance from their surface. The metallic oxide which is pro- 
duced is forcibly driven into the glass or paper ; and produces beau- 
tiful figures, varying in colour with the metal employed.! 

The combustion of metals may be effected, also, by galvanic elec- 
tricity ; but lor this purpose the form of very thin leaves is prefera- 
ble to that of wire. The plates composing the galvanic trough, 
should, for this purpose, be not less than four inches square ; and 
several troughs should be joined together, so as to form an aggre- 
gate of not less than 100 or 150 pairs of plates. The galvanic in- 
fluence is to be conveyed by wires brought from each extremity of 
the arrangement, and placed in contact with the opposite surfaces of 
the leaf. For the protection of the fingers, the wires should be in- 
closed in glass tubes. When thus exposed, the metals burn, or ra- 
ther deflagrate, with great brilliancy. 

Gold emits a very vivid white light, inclining a little to blue, and 
leaves an oxide, whose colour verges towards that of mahogany. 
Copper presents similar phenomena. 

The flame of silver is a vivid green, somewhat like that of a pale 
emerald, and the light is more intense than that of gold. Lead gives 

* Cuthbertson, page 199. 

f Cuthbertson, page 226, and Wilkinson's Elements of Galvanism, in tb* 
9th plate of which these appearances are represented. 
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a vivid light of a dilute blueish purple. Tin a light similar to that of 
gold ; and zinc a blueish white flame fringed with red.* In all 
these cases, provided the power be sufficiently strong, the deflagra- 
tion is kept up, for some time, without intermission. 

But a much more remarkable action is exerted by the electric and 
galvanic fluids, in disuniting the elements of several combinations. 
One of the first discoveries of the chemical agency of the pile was its 
power of decomposing water. Two pieces of any metallic wire are 
thrust through separate corks, which are fitted into the open ends 
of a glass tube in such a way, that the extremities of the wires, when 
the corks are in their places, may not be in contact, but may be at 
the distance from each other of about a quarter of an inch (see fig. 
77, a). If the parts of the wire, which project from without the 
tube, be made to communicate, the one with the zinc or positive end, 
and the other with the copper or negative end, of a galvanic 
battery, a remarkable appearance takes place. The wire, con- 
nected with the zinc or positive end of the pile or trough where 
it is in contact with the water, if of an oxidable metal, is rapidly ox- 
idized ; while from the negative wire a stream of small bubbles of 
gas arises. But if the wires employed be of a metal, which is not sus- 
ceptible of oxidation, such as gold or platina, gas is then extricated 
from both wires, and, by a simple contrivance, may be separately 
collected. The apparatus for this purpose is shown by fig. 76, 
where the wires p and n, instead of being introduced into a straight 
tube, are inclosed in a syphon, and terminate before they reach the 
end, in which a small hole fs to be ground. When a stream of gal- 
vanic electricity is made to act upon water thus confined, oxygen 
gas is found, at the close of the experiment, in the leg connected 
with the positive end of the battery, and hydrogen gas in that connect- 
ed with the negative end ; and in the proportions which, by their 
union, compose water. At an early period of the inquiry, it was 
found, however, by Mr. Cruikshank, that the water surrounding the 
positive wire became impregnated with a little acid ; and that around 
the negative wire with a little alkali. If instead of water, we employ 
a metallic solution, the metal is revived round the negative wire n, 
and no hydrogen gas is liberated. 

The gases constituting water, it was afterwards discovered by 
Mr. Davy, may be separately produced from two quantities of water, 
not immediately in contact with each other. The fact is of peculiar 
importance, from its resemblance to other more recent ones, which 
have led that distinguished philosopher to the discovery of the gen- 

• Philosophical Magazine, xi. 284, and xv 9fi. 
Vol.1. 31 
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eral laws of electro-chemical action. Two glass tubes (ji and ?i, 
pi. ix. fig. 79), about one third of an inch diameter and four inches 
long, having each a piece of gold wire sealed hermetically into one 
end and the other end open, were filled with distilled water and placed 
inverted in separate glasses filled, also, with that fluid. The two 
glasses, a and b, were made to communicate, either by dipping the 
fingers of the right hand into one glass, and those of the left into the 
other, or by interposing fresh animal muscle, or a living vegetable, 
or even moistened thread, as shown at c. The gold wires, project- 
ing from the sealed ends of these tubes, were then connected, the one 
with the positive, the other with the negative end of the trough. Gas 
was immediately evolved from both wires. At the close of the ex- 
periment, in the tube ft oxygen gas was found ; in the negative tube 
n hydrogen. The proportions by measure were, as nearly as possi- 
ble, those which result from the decomposition of water, viz. two of 
hydrogen to one of oxygen gas.* Now if these gases arose, as they 
necessarily must, from the decomposition of the same portion of wa- 
ter, that portion of water must have been contained either in the tube 
ft or in the tube n. In the former case, the hydrogen gas, found after 
the process in «, must have passed invisibly from/z to n, through the 
intermediate substance c. Or, if the water was decomposed in n f 
then the reverse process must have happened with respect to the oxy- 
gen ; and it must have been transmitted, in a like imperceptible 
manner, from n to fi. Facts of this kind, evincing the transference of 
the elements of a combination, to a considerable distance, through in- 
tervening substances, and in a form that escapes the cognizance of 
our senses, however astonishing, it will appear from the sequel, are 
sufficiently numerous and well established. 

Different chemical compounds require, for the disunion of their 
elements, galvanic arrangements of various powers and intensities. 
The decomposition of water is easily effected by a series of fifty pairs 
of plates, each one or two inches square. But for those which re- 
main to be described, instruments of much greater power are neces- 
sary. 

The apparatus, employed in the masterly experiments of Mr. 
Davy, which have laid the groundwork of this new field of science, 
was extremely simple. In cases, where liquid substances were op- 
erated upon, he employed occasionally the agate cups/; and n, fig. 80, 
each of which was capable of holding about sixty grains of water. 
They were connected together, as shown in the figure at a, by the 
fibres of a peculiar flexible mineral called amianthus ; and into each 
Was inserted a platina wire, the bent extremity of which is seen, in 
* Nicholson's Journal, 4to. iv. 276. 
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each figure, projecting above the cup. When the vessels were in 
actual use, the wire of p was connected with the zinc or positive end 
of a powerful galvanic series ; and that of n with the copper or nega- 
tive extremity. For the agate cups two hollow gold cones were oc- 
casionally substituted (fi and n, fig. 81), the wire projecting from p 
being connected with the positive, and that from n with the negative 
end of a trough or series of troughs. Solid bodies were submitted to 
the galvanic influence, either by immersing small pieces of them in 
the gold cones ; or, at other times, by making the cups themselves of 
the substance intended to be decomposed. Or if it was desirable to 
preserve them from contact with water, they were laid on a small in- 
sulated dish of platina, with the inferior surface of which, immediate- 
ly under the substance used, a wire from one end of the battery was 
connected, while the substance itself was made to communicate by 
another Avire, with the opposite extremity of the apparatus. 

When the gold cones were both filled with a solution of sulphate 
of potash (a salt composed of potash and sulphuric acid), after exposr 
ure, during a sufficient time, to a powerful galvanic arrangement, 
pure potash was found in the negative cone n, and sulphuric acid in 
the positive cone p. The decomposition was even quite complete ; 
for the liquid in n contained no acid, and that in p no alkali. 

The experiment was repeated with several other neutral salts ;* 
and with the invariable result, that the acid collected in the positive 
cone, and the alkali in the negative one. Strpng solutions, or those in 
which the salt bore a considerable proportion to the water, were 
more rapidly acted upon than weak ones. Metallic salts were, also, 
decomposed. The acid appeared, as before, in the positive cone, and 
the metal was deposited, sometimes with a little oxide, in the nega- 
tive one. 

Salts, which are cither insoluble, or very sparingly soluble, in wa- 
ter, had their elements disunited in the following manner. Cups 
were constructed of them, pi ecisely resembling the gold cones, which, 
as the salts were hard and compact in their texture, was easily effect- 
ed. These, after being filled with water, were connected, by platina 
wires, with the opposite ends of a galvanic battery, the vessels them- 
selves communicating, as before, by means of moistened amianthus, 
At the conclusion of the experiment, sulphuric acid (when the cups 
were made of sulphate of lime) was found in the positive cup, and 
lime water in the negative one. Sulphate of strontites, fluate of lime, 
and sulphate of barytes were decomposed, though less easily, by the 

• Minute directions for exhibiting' the transfer of acid and alkali, by means 
of a power not exceeding thirty pairs of two inch plates, :»re (riven by Mr 
Singer. (Nicholson's Journal, xxiv. 173 ) 
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same expedient. In all these cases the acid element was found at 
the positive side, and the earthy one at the negative side, of the ar- 
rangement. 

These facts evidently point out a transference of the elements of 
combinations from one electrified vessel or surface to another differ- 
ently electrified. But the principle is made much more apparent by 
a little variation of the experiment. Thus, if solution of sulphate of 
potash be electrified in the positive cone /*, water alone being con- 
tained in n, after a sufficient continuance of the electrical action fi will 
be found to contain diluted sulphuric acid ; and the potash will be 
discovered in the water of n. The alkali must necessarily, therefore, 
have passed, in an imperceptible form, along the connecting amian- 
thus from the vessel fi to the vessel to. Reversing the experiment, 
and filling to with solution of sulphate of potash, the alkali remains in 
this cone, and the acid is transferred to the opposite side fi. In one 
experiment, in which nitrate of silver was placed in the positive cup, 
and pure water in the negative one, the whole of the connecting ami- 
anthus was covered with revived silver. 

In the farther prosecution of the inquiry, Mr. Davy succeeded in 
discovering a still more extraordinary series of facts. When an in- 
termediate vessel (i, fig. 82) was placed between the positive and neg- 
ative cups fi and to, and was connected with both of them by moisten- 
ed amianthus, it was found that acids may actually be made to pass 
from n to fi, through the intermediate solution in i, without combining 
with it. Thus, solution of sulphate of potash being put into the neg- 
ative cup to, solution of pure ammonia into i, and pure water into//, in 
half an hour sulphuric acid was found in the water of the positive cup, 
to have reached which it must have been transferred from to through 
the intermediate solution of ammonia. Muriatic acid, also, from mu- 
riate of soda, and nitric acid from nitrate of potash, were transferred 
from the negative to the positive side through an interposed solution 
of alkali. And contrariwise, alkalis and metallic oxides were trans- 
mitted from the positive to the negative side, through intervening so- 
lutions of acids. 

It is necessary, however, that the solution, contained in the inter- 
mediate vessel i, should not be capable of .forming an insoluble com- 
pound with the substance intended to be transmitted through it. Thus 
Sulphuric acid, in its passage from sulphate to potash in the negative 
cup, through the vessel f, containing a solution of pure barytes, is de- 
tained by the barytes, and falls down in the state of an insoluble com- 
pound with that earth. 

Bodies, the composition of which is considerably more complica- 
ted, are, also, decomposed by galvanic electricity. Thus from cef- 
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tain minerals, containing acid and alkali matter in only very minute 
proportion, these ingredients are separately developed. Basalt, for 
example (a kind of stone which, in 100 grains, contains only 3| grains 
of soda and half a grain of muriatic acid), gave, at the end of ten hours, 
evident traces of alkali round the negative, and of acid round the posi- 
tive wire. A slip of glass, also, negatively electrified in one of the 
gold cones, had soda detached from it, and sustained a loss of weight. 

It may now be understood, why, by the agency of galvanism on 
water, alkali appears at the negative and acid at the positive wire. 
The fact was, for some time, not a little perplexing to Mr. Davy ; 
till, at length, he ascertained that all water, however carefully distil- 
led, contains neutral salts in a state of solution. From these impurities, 
the aikalinc and acid elements are separated, agreebly to a law, which 
has already been explained. In the same way, also, the muriatic acid 
and alkali are accounted for, which some chemists have obtained by 
galvanizing what was before considered as pure water ; a fact which 
has been urged in proof of the synthetical production of both those 
bodies. Absolutely pure water, it has been demonstrated by Mr. Da- 
vy, yields nothing but hydrogen and oxygen gases. 

All the effects of galvanic arrangements, in producing chemical 
decompositions, it has been found, may be obtained by ordinary elec- 
tricity. Its adaptation to this purpose was first successfully attempted 
by Dr. Wollaston.* The apparatus, which he employed, was similar 
to that already represented (fig. 77, a) excepting that the wires, in- 
stead of being exposed to the fluid, contained in the tube, throughout 
their whole length, were covered with wax, and the points only were 
laid bare. Or (what was found to answer still better) the wires were 
inclosed in capillary tubes, which were sealed at their extremities, 
and then ground away, till the points alone were exposed. The con- 
ducting wires, thus arranged, were then introduced into a tube, or 
other vessel containing the liquid to be operated on, and were con- 
nected, the one with the positive, the other with the negative conduct- 
or, of an electrical machine, disposed for positive and negative elec- 
tricity.! When solution of sulphate of copper was thus electrized, 
the metal was revived round the negative pole. On reversing the 
apparatus, the copper was re.dissolved, and appeared again at the oth- 
er wire now rendered negative. 

When gold wires, from ^ to yJ^ of an inch in diameter, thus 
inclosed, were made to transmit electricity, a succession of sparks af- 
forded a current of gas from water. When a solution of geld in ni- 

* Philosophical Transactions, 1801. 

f - See C(ithbertsQn\s Fractjcal Electricity. 
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tro-muriatic acid was passed through a capillary tube ; the tube then 
heated to drive off the acid ; and afterwards melted and drawn out, it 
was found that the mere current of electricity, without sparks, evolv- 
ed gas from water- 
Mr. Davy has since proved that by a similar apparatus, solution of 
sulphate of potash is decomposed, potash appealing at the negative, 
and sulphuric acid at the positive pole.* 



SECTION IV. 

Theory of the Changes produced by Galvanic Electricity. 

A fact of considerable importance in explaining the phenomena 
that form the subject of the last section was discovered several years 
ago, by Mr. Bennett,^fcd has since been confirmed by the expert 
ments of Volta and Davy. Different bodies, it is found, acquire, 
when brought into contact either by their whole surfaces or by a sin- 
gle point, different states with respect to their quantities of electricity. 
The best method of performing the experiment is to take two discs 
or plates, the one of copper, the other of zinc, each about four inches 
diameter, and furnished with an insulating glass handle ; to apply them 
for an instant to each other by their flat faces ; and afterwards, to 
bring them separately into contact with the insulated plate of the con- 
densing electrometer. The instrument indicates, by the divergence 
of its gold leaves, the electricity acquired by each of the plates, which 
in the zinc plate is shown to be positive, and in the copper plate neg- 
ative.f 

It had been established, also, by Mr. Davy, in 1801, that when a 
galvanic arrangement of the second kind is constructed, by alternating 
metallic plates with strata of different fluids, alkaline solutions always 
receive electricity from the metal, and acids on the contrary trans- 
mit it to the metal. When an arrangement, for example, is made ol 
water, tin, and solution of potash, the current of electricity is from the 
tin to the alkali. But, in an arrangement of nitric acid, tin, and water, 
the circulation of electricity is from the acid to the tin. If then the 
alkali, after having acquired electricity from the metal, could be sud- 
denly separated from the combination, there can be no doubt that it 
would be found in a positive state. For the contrary reason, the acid, 
having given electricity to the metal, must, if it could be detached^ 
"be found negative. 

* Philosophical Transactions, 1806. 

f Volta, in Nicholson's Journal, 8vo. i. 136. Wilkinson, ii. 40,50, 13K 
Guthbertson, 26£. 



SECT. IV. ELEOTHfO-OHE&ISTHT. 167 

Still more satisfactory evidence has been since obtained of the elec- 
trical state of the acids and alkalis, by examining what kind of elec- 
tricity they impart to an insulated metallic plate. Various dry acids, 
being touched on an extensive surface by a plate of copper insulated 
by a glass handle, the^copper was found after contact to have become 
positively electrified, and the acid negatively. On the contrary, mak- 
ing the experiments with dry earths in a similar manner, the metal be- 
came negative. The alkalis gave less distinct results owing to their 
attraction for moisture. Bodies r moreover, possessing opposite electri- 
cal energies towards one and the same body, are found to possess 
them with regard to each other. Thus when lime and oxalic acid 
were brought into contact, the earth was found to be positive, and the 
acid negative. Sulphur appears to be in the positive state. Oxygen, 
judging from those compounds in which it is loosely combined, is 
negative ; and hydrogen, by the same test, positive. 

Now, if the common laws of electrical attraction and repulsion op- 
erate, as there is every reason to believe they must, among bodies so 
constituted, it will follow that hydrogen, the alkalis, metals, and ox- 
ides, being positively electrified, will be repelled by surfaces which 
are in the same state of electricity as themselves, and will be attract- 
ed by surfaces that arc negatively electrified. And, contrariwise, oxy- 
gen, and the acids (in consequence of the oxygen they contain), be- 
ing in a negative state, will be attracted by positive surfaces and re- 
pelled by negative ones. 

To apply this theory to the simplest possible case, the decompo- 
sition of water, the hydrogen of this compound, being itself positively 
electrified, is repelled by the positive wire and attracted by the nega- 
tive one ; while, on the contrary, oxygen, being negative, is repelled 
by the negative wire, and attracted by the positivo one. In the case 
of neutral salts, the negative acid is attracted by the positive wire ; and 
the positively electrified alkali by the negative wire. 

Thus then a power has been discovered, superior in its energy to 
chemical affinity, and capable either of counteracting it, or of modify- 
ing it according to circumstances. The chemical attraction between 
two bodies may be destroyed, by giving one of them an electrical 
state opposite to its natural one ; or the tendency to union may be in- 
creased, by exalting the natural electrical energies. 

All bodies, indeed, that combine chemically, so far as they have 
hitherto been examined, have been found to possess opposite states 
of electricity. Thus copper and zinc are in opposite states to each 
other ; so are gold and mercury; sulphur and metals, acids and alka- 
lis. Even after combination, it is thought by Mr. Davy not improb- 
able, that bodies may still retain their peculiar states of electricity. 
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If oxygen prevail, in any compound, over the combustible or positive 
base, the compound is negative, as in certain metallic oxides. But 
the combustible ingredient may be in such proportion, as to predom- 
inate, and to give to the compound a positive energy. 

It is an interesting question, but one which can scarcely be deter- 
mined in the present state of the science, whether the power of elec- 
trical attraction and repulsion be identical, as Mr. Davy has suggest- 
ed, with chemical affinity ; or whether it may not rather be consider- 
ed, like caloric, as a distinct force, which only modifies that of chem- 
ical attraction. On the former hypothesis, two bodies, which are nat- 
urally in opposite electrical states, may have these states sufficiently 
exalted, to give them an attractive force superior to the cohesive af- 
finity opposed to their union ; and a combination will take place, 
which will be more or less energetic, as the opposed forces are more 
or less equally balanced. Again, when two bodies, repellent of each 
other, act upon a third with different degrees of the same electrical 
energy, the combination will be determined by the degree. Or, if 
bodies, having different degrees of the same electrical energy with 
respect to a third, have likewise different energies with respect to 
each other, there may be such a balance of attracting and repelling 
forces as to produce a triple compound. 

This hypothesis, it is remarked by Mr. Davy, agrees extremely 
well with the influence of ?nass, which has been so well illustrated by 
Berthollet ; for many particles, acting feebly, may be equal in effect 
to fewer acting more powerfully. Nor is it at all contradictory to the 
observed influence of caloric over chemical union ; for an increase of 
temperature, while it gives greater freedom of motion to the parti- 
cles of bodies, exalts also their electrical energies. This Mr. Davy 
ascertained with respect to an insulated plate of copper and another 
of sulphur, when heated below 212° Fahrenheit ; and at a still higher 
temperature these bodies, as is well known, combine with the extri- 
cation of heat and light, the usual accompaniments of intense chemi- 
cal action. 

On the supposition that electricity is a force, wjiich only modifies 
the action of chemical affinity, we may regard it, when it promotes 
combination, as producing this effect by counteracting cohesive at- 
traction. When it impedes combinations, or destroys those which are 
already formed, it probably acts as a force co-operating with elasticity. 
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SECTION V. 

Theory of the Action of the Galvanic Pile. 

Two theories have been framed to account for the phenomena of 
the Galvanic Pile, and of all similar arrangements. The first, origin- 
ating with Volta, was suggested by the fact, which may be considered, 
indeed, as fundamental to it — that electricity is excited by the mere 
contact of different metals. When a plate of copper and another of 
zinc are made to touch by their fiat surfaces, as was stated in the 
last section, the zinc, after separation, exhibits positive electricity, 
and the copper negative. It is natural, therefore, to conclude, that a 
certain quantity of electricity has moved from the copper to the zinc. 
On trying other metals, Valta found that similar phenomena take 
place ; and by a series of experiments he was led to arrange their 
powers in the following order, it being understood that the first gives 
up its electricity to the second ; the second to the third ; the third to 
the fourth, and so on. 

Silver. 

Copper. 

Iron. 

Tin. 

Lead. 

Zinc. 
The metals, then, have been denominated by Volta, from this 
property, motors of electricity ; and the process, which takes place, 
electro-motion^ a term since sanctioned by the adoption of it by Mr. 
Davy. 

It is on this transference of electricity from one body to another 
by simple contact, that Volta explains the action of the instrument 
discovered by himself, and of all similar arrangements. The inter- 
posed fluids, on his hypothesis, have no effect as chemical agents in 
producing the phenomena, and act entirely as conductors of electrici- 
ty. Without disputing, however, the accuracy or value of the facts 
which suggested his theory, it is sufficient for its refutation that it is 
irreconcileable with other phenomena ; and especially with the ob- 
servation, that the chemical agency of the liquids, on flie more ox- 
idizable metal of galvanic arrangements, is essential to their sustain- 
ed activity. It has been proved, indeed, that the phenomena begin 
and terminate with the oxidation ; and that the energy of the pile 
bears a pretty accurate proportion to the rapidity of the process. 
Hence it seems, on first view, an obvious inference, that the oxida- 
Vol. I. 22 
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tion of the metal is the primary cause of the evolution of electricity 
in galvanic arrangements. 

But though the chemical agency of the fluids which are employ- 
ed is now admitted, on all hands, to be essential to the excitement of 
this kind of electricity, yet it is by no means universally agreed that 
we are to consider it as the first in the order of phenomena. It has 
been suggested by Mr. Davy, as a correction of the theory of Volta, 
that the electro-motion, occasioned by the contact of metals, is the 
primary cause of the chemical changes ; and that these changes are in 
no other way efficient, than as they restore the electric equilibrium. 
To explain this, let us suppose that in any three pairs of plates of a 
galvanic trough, the zinc plates z 1, z 2, z 3 (fig. 78) are in the 
state of positive, and the copper plates c 1, c 2, c 3, in that of 
negative electricity. The liquid, in any cell after the first, will be 
in contact, on the one side, with positively electrified zinc, and on the 
other with negatively electrified copper. And if the elements com- 
posing the fluid be themselves in different states of electricity, the 
negatively electrified element will be attracted by the zinc, and the 
positively electrified element by the copper. Thus when solution of 
muriate of soda in water is the fluid, the oxygen and the acid will 
pass to the zinc or positive plate, and the alkali to the copper one ; 
while the hydrogen, having no affinity for copper, escapes. The 
electric equilibrium will be restored, but only for a moment ; for, as 
the interposed fluid is but a very imperfect conductor of electricity, 
the zinc and copper plates will, by their electromotive power, again 
assume their states of opposite electricity ; and these changes will 
go on, as long as any muriate of soda remains undecomposed. In a 
Voltaic arrangement, therefore, the electrical energies of the metalfi 
with respect to each other or to the substances dissolved in water, 
are the causes disturbing the equilibrium ; and the chemical chang- 
es are the causes that restore it. 

No theory of the galvanic pile, however, can be considered as 
complete, that does not account for the accumulation of electricity 
at the zinc end of the apparatus. On the theory that the oxidation of 
the zinc is the source of the evolved electricity, the fact has been 
ingeniously explained by Dr. Bostock. He takes it for granted that 
the electric fluid has an affinity for hydrogen ; and supposes that the 
electricity, evolved at the surface of the first zinc plate, is carried, united 
to hydrogen, through the fluid of the cell to the opposite copper plate. 
Here the hydrogen and electricity separate ; the former flies off in 
the state of gas, and the latter passes onwards to the next zinc plate. 
Being in some degree accumulated in this plate, it is disengaged by 
the action of the fluid in a more concentrated state than before. And 
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in the same manner, by multiplying the number of pairs, it may be 
made to exist, in the zinc end of the pile, in any assignable degree 
of intensity. 

On this theory, the electricity evolved is actually generated by 
the chemical action of the interposed fluids on every zinc plate of 
the series ; and its accumulation is the aggregate of what is thus 
evolved. The concentraiion, which takes place at the zinc end of 
the arrangement admits, however, of being explained by the hypoth- 
esis of Volta, especially as modified by Mr. Davy. Taking the firsl 
cell as an example, the fluid interposed between the positive zinc 
plate z 1, fig. 78, and negative copper plate c 2, being itseif a con- 
ductor of electricity, must in time produce an equilibrium between 
these two plates ; but this can only be done by the passage of a cer- 
tain quantity of electricity across the fluid. The absolute quantity 
of electricity will, therefore, be diminished in the first pair, and in- 
creased in the second. In like manner, the second zinc plate will 
give up part of its electricity to the third copper plate, and the sec- 
ond pair of plates will be deprived of part of its electricity. The 
electricity, thus lost by the second pair, it will regain from the first 
pair of plates. By multiplying, in this way, the number of plates, 
every successive pair, as we advance in the series, has a tendency 
to diminish the quantity of electricity in the first ; and to have its 
own state of electricity proportionally exalted. 

When a communication is made between two extremities of a 
series, for example betweon z 3 or its contiguous cell, and c^the 
opposite electricities tend to an equilibrium. The third pair gives 
up a share of its electricity to the first ; and the intermediate pair, 
being placed between equal forces, remains in equilibrio. Hence, in 
every galvanic arrangement, there is a pair of plates at the centre, 
which is in its natural state of electricity. The effect of such a com- 
munication must necessarily be to reduce the pile to a state of inactiv- 
ity, if there did not still exist some cause sufficient to destroy the 
equilibrium. Oy the hypothesis of Volta this can be nothing else 
than the property of electro-motion in the metals, which originally 
produced its disturbance. 

Such are the hypotheses that have been framed to explain the 
phenomena of the Voltaic pile. In the present state of the science, 
neither of them is entitled to be received as altogether satisfactory ; 
and I have stated them rather with the view of exciting than of satis- 
fying inquiry. On the theory of galvanic electricity, it only remains 
to point out its difference from the electricity developed by ordinary 
processes; and to explain the different effects, which are produced 
by varying the size of the plates in galvanic arrangements. 
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Though the identity of common and galvanic electricity appears 
to be sufficiently established, yet in some of their phenomena, which 
have already been described, there is a considerable difference. To 
explain these, it was long ago suggested by Mr. Nicholson,* that the 
electricity, excited by the common machine, is developed in much 
smaller quantity, but in a higher state of concentration or intensity, 
than the electricity of galvanism. Hence, its velocity is much more 
rapid ; and hence it readily passes through plates of air and other 
non-conductors that are scarcely permeable by galvanic electricity. 
By virtue of the same property it disperses the metals in the form of 
smoke ; while the utmost effect of a Voltaic arrangement is to melt 
them into globules. By doubling the quantity of galvanic electricity, 
also, we ignite only a double length of metallic wire, and the ignition 
is more permanent ; but the intensity of common electricity is such 
that by doubling its quantity we ignite four times the length of wire, 
and the effect is little more than momentary. t 

The comparative quantities of electricity evolved by the common 
machine and by a Voltaic apparatus, have been made a subject of 
calculation by Mr. Nicholson. A pile consisting of 100 half crowns, 
with the same number of pieces of zinc, produces, he found, 200 times 
more electricity than can be obtained, in an equal time, from a 24 
inch plate machine in constant action. Van Marum has, also, ob- 
served that a single contact of a Leyden jar or battery with a Voltaic 
pile charges it to the same degree, as six contacts with the prime 
conductor of a powerful machine. 

It might naturally be expected that a proportion would be observ- 
ed between the quantity of surface composing galvanic arrangements, 
and their power of action ; and such, with some limitation, is the fact. 
With plates of the same size, the effect, generally speaking, is pro- 
portional to the number. But by enlarging the size, without increas- 
ing the number, neither the shock nor the power of decomposing wa- 
ter and other imperfect conductors, is proportionally increased. On 
the contrary, to obtain a great increase of effect in the combustion of 
metals, it is necessary to enlarge considerably the size of the plates. 
Thus 100 plates of four inches square produce, in this way, an incom- 
parably greater effect, than the same suiface divided into four times 
the number. 

The effect of multiplying the number of plates, it has already 
been observed, is that we obtain electricity of a higher intensity, and 
it has even been shown by Volta,J that the proportion is, as nearly as 

* See his Journal, 4to. iv. 244. f Cuthbertson, page 278. 

% Nicholson's Journal, 8vo. i. 139. 
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can be judged, an arithmetical one. If, for example, we have a cer- 
tain intensity with 20 pairs, it is doubled by 40, trebled by 60, and so 
on. But by enlarging the size, without increasing the number, it has 
also been shown that we gain, not in intensity, which remains exactly 
the same, but in quantity. Now, for the combustion of metals what 
we principally want is a large quantity of electricity : for as they are 
perfect conductors, it finds a ready passage through them, even when 
of low intensity. On the contrary, to find its way through fluids and 
other imperfect conductors, it must be evolved in a high state of con- 
centration. The facts, therefore, accord sufficiently well with the ex- 
planation, to entitle it to be received as a probable hypothesis. 




CHAPTER VIII. 

ALKALIS. 

The alkalis, in their pure state, are the products of chemical op-" 
erations, which will be described in the sequel. They are distin- 
guished by the following 

General Qualities. 
The properties, common to all the three alkalis, may^e shown by 
those of a solution of pure potash. 

(a) The alkalis change vegetable blue colours, as that of an infu- 
sion of violets, to green. 

(b) They have an acrid and peculiar taste. 

(c) They serve as the intermedia between oils and water. 

(rf) They corrode woollen cloth ; and, if the solution be sufficiently 
strong, reduce it to the form of a jelly. 
(e) They are readily soluble in water. 

SECTION I. 

Pure Potash and jiure Soda. 

Art. 1. — Their Preparation and General Qualities. 
To prepare pure potash, dissolve any quantity of American or 
Dantzic pcarlash in twice its weight of boiling water, and add the so- 
lution, while hot, to an equal weight of fresh quicklime, slaked with 
six times its weight of hot water. Boil the mixture in an iron kettle, 
and continue stirring during half an hour. Then separate the liquid 
•i I kali, either by filtering through calico or by subsidence ; and bbil 
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it to dryness in a silver dish. Pour, on the dry mass, as much pure 
alcohol as is required to dissolve it ; put the solution into a bottle, and 
let the insoluble part settle to the bottom. Then decant the alcoholic 
solution of potash ; and distil off the alcohol in an alembic* of pure 
silver, furnished with a glass head. Pour the alkali, when in fusion, 
upon a silver dish, and, when cold, break it into pieces, and preserve 
it in a well-stopped bottle. If the distillation of the alcohol be not 
carried so far, the alkali will shoot, on cooling, into regular crystals. 

From the recent electro-chemical researches of Mr. Davy, it ap- 
pears that potash is not completely deprived of carbonic acid, by any 
process hitherto employed for its preparation. (Philosophical Trans- 
actions, 1808, 355.) Berthollet has shown, also, in the second vol- 
ume of the Memoires d' Arcueil, that solid potash, even after being 
kept some time in a state of fusion, still retains a considerable quanti- 
of water, not less than 13^. parts in 100. This is proved, besides 
other methods, by mixing it with iron-filings, and exposing it to red- 
heat, by which an enormous quantity of hydrogen gas is disengaged. 

In the same mode may pure soda be prepared, substituting the 
carbonate of soda for the pearlash. 

These alkalis have the following properties ; 

(a) They powerfully attract moisture from the atmosphere, or de- 
liquiate. 

(6) They readily dissolve in water, and produce heat during their 
solution, if the fused alkalis be employed ; but the crystallized alkalis 
generate cold, when dissolved. 

(c) They are not volatilized by a moderate heat, and hence have 
been called fixed alkalis. 

(rf) When melted with silex, in proper proportions and by a suffi- 
cient heat, they form glass. 

Art. 2. — Analysis of the two fixed Alkalis. 
Though it had long been conjectured,! that the fixed alkalis arc 
not simple or elementary bodies, yet no distinct evidence had been 
obtained of their nature, until, in the year 1807, it was furnished by 
the splendid discoveries of Mr. Davy. From the facts which have 
been stated in a former section respecting the powers of electrical de- 
composition, it appeared to that philosopher a natural inference that 
the same powers, applied in a state of the highest possible intensity, 
might disunite the elements of bodies, which had resisted all other in- 
struments of analysis. If potash, for example, were an oxide, com- 

* The figure of an alembic may be seen in pi. i. fig. g. 
t .See Philosophical Magazine, xxxii. 18, 62. 
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posed of oxygen united to an inflammable base, it seemed to him 
probable, that when subjected to the action of opposite electricities, 
the oxygen would be attracted by the positive wire and repelled by 
the negative. At the same time, the reverse process might be ex- 
pected to take place with respect to the combustible base, the appear- 
ance of which might be looked for at the negative pole. 

In his first experiments, Mr. Davy failed to effect the decomposi- 
tion of potash, owing to his employing the alkali in a state of aqueous 
solution, and to the expenditure of the electrical energy in the mere 
decomposition of water. In his next trials, the alkali was liquefied 
by heat in a platina dish, the outer surface of which, immediately un- 
der the alkali, was connected with the zinc or positive end of a batte- 
ry consisting of 100 pairs of plates, each six inches square. In this 
state, the potash was touched with a platina wire proceeding from the 
copper or negative end of the battery ; when instantly a most intense 
light was exhibited at the negative wire, and a column of flame arose 
from the point of contact, evidently owing to the development of 
combustible matter. The results of the experiment could not, how- 
ever, be collected, but were consumed immediately on being formed. 

The chief difficulty in subjecting potash to electrical action is, 
that in a perfectly dry state it is a complete non-conductor of electrici- 
ty. When rendered, however, in the least degree moist by breathing 
on it, it readily undergoes fusion and decomposition, by the applica- 
tion of strong electrical powers. For this purpose, a piece of pota.sh, 
weighing from 60 to 70 grains, may be placed on a small insulated 
plate of platina, and may be connected, in the way already described, 
with the opposite ends of a powerful electrical battery, containing not 
less than 100 pairs of six inch plates. On establishing the connec- 
tion, the potash will fuse at both places where it is in contact with the 
platina. A violent effervescence will be seen at the upper surface 
arising, as Mr. Davy has ascertained, from the escape of oxygen gas. 
At the lower or negative surface, no gas will be liberated : but small 
bubbles will appear, having a high metallic lustre, and being precisely 
similar in visible characters to quicksilver. Some of these globules 
burn with an explosion and bright flame ; while others are merely 
tarnished, and are protected from farther change by a white film, which 
forms on their surface.* 

This production of metallic globules is entirely independent of 
the action of the atmosphere ; for Mr. Davy finds that they may be 
produced in vacuo. 

Pure soda gives similar results ; but its decomposition demands a 

• For the repetition of this experiment, very useful practical directions 
may be found in a paper by Mr. Singer — Nirnols"' xxiv. 174. 
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greater intensity of action. The quantity of soda should not exceed 1 5 
or 20 grains ; and the distance between the platina surfaces must be 
reduced from \ to \ or -^ of an inch. The metal from soda does not, 
like that from potash, continue fluid at the temperature of the atmos- 
phere : but speedily becomes solid, and bears a considerable resem- 
blance to silver. When the electrical power is much increased, 
globules of the metal fly with great velocity through the air, in a state 
of vivid combustion, producing beautiful jets of fire. 

To preserve these new substances, it is necessary to immerse 
them immediately in pure naphtha, a fluid which will be described in a 
subsequent prrt of the work. If they are exposed to the atmosphere, 
they are rapidly converted back again into the state of pure potash or 
pure soda. To prevent their oxidation still more effectually, Mr. 
Pepys has proposed to produce them under naphtha ; and has contriv- 
ed an ingenious apparatus for this purpose, fphich is described in the 
31st volume of the Philosophical Magazine, page 241. 

When the globules, obtained either from potash or soda, are ex- 
posed to the action of air over mercury in graduated glass tubes, an 
absorption of oxygen happens ; and a crust of alkali is formed on the 
surface, which defends the interior from farther change. When heat 
is applied to the globules similarly confined, a rapid combustion en- 
sues, attended with a brilliant white flame. The globules are found, 
after the experiment, converted into a white substance ; which is pot- 
ash when we have used those from potash, and soda when the glob- 
ules from soda have been employed. In this process, oxygen is ab- 
sorbed, and the weight of the alkali produced is found to exceed that 
of the globules consumed. 

When either of these substances is thrown into water, a rapid dis- 
engagement of hydrogen gas takes place : and the oxygen of the wa- 
ter, uniting with the globules, regenerates alkali. 

Nothing then can be mere satisfactory than the evidence, furnish- 
ed by these experiments, of the nature of the fixed alkalis. By the 
powerful agency of opposite electricities, each of them is resolved in- 
to oxygen and a peculiar base.* This base, like other combustible 
bodies, is repelled by positively electrified surfaces, and attracted by 
negative ones ; and hence its own natural state of electricity must 
necessarily be positive. Again, by uniting with oxygen, these bases 
are once more changed into alkali, either slowly at ordinary tempera- 
tures ; or with heat and light, if their temperatures be raised. We 
have the evidence, therefore, both of analysis and synthesis, that each 

* The proportions of oxygen and base in each will be found at the end of 
■ h he articles Potassium ?nd Sodium. 
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of the fixed alkalis is a compound of oxygen with a peculiar inflam- 
mable basis. 

But in what class of combustible bodies are we to arrange the 
alkaline bases ? Some properties, common to both, have influenced 
Mr. Davy to place them among the metals, with which they agree 
in opacity, lustre, malleability, conducting powers as to heat and 
electricity, and in theiv qualities of chemical combination. The on- 
ly property, which can be urged against this arrangement, is their 
extreme levity, which even exceeds that of water. But when we 
compare the differences, which exist among the metals themselves, 
this will scarcely be considered as a valid objection. Thus tellu- 
rium, which no chemist hesitates to consider as a metal, is only about 
six times heavier than the base of soda, while it is four times lighter 
than platina ; thus forming a sort of link between the old metals and 
the bases of the alkalis. 

In giving names to the alkaline bases, Mr. Davy has adopted that 
termination, which, by common consent, has been applied to other 
newly discovered metals, and which, though originally Latin, is now 
naturalized in our language. The base of potash he has called 
potassium, and the base of soda sodium, and these names have 
met with universal acceptation among chemical philosophers. 

It is not, however, by electrical means only that the decomposi- 
tion of the fixed alkalis has been accomplished. Soon after Mr. Da- 
vy's discoveries were known at Paris, Messrs. Gay Lussac and The- 
nard {Annates de Chimie, lxv. 325, or Memoires d' Arcueil, ii. 299) 
succeeded in their attempts to decompose both the fixed alkalis, 
without the aid of a Voltaic apparatus, and merely by the interven- 
tion of chemical affinities. Their process, though it affords the al- 
kaline bases of less purity, yields them in much larger quantity 
than the electrical analysis, viz. to the amount of nearly 400 grains. 
It consists in bringing the alkalis into contact with intensely heated 
iron, which, at this temperature, attracts oxygen more strongly than 
the alkaline base retains it. 

The apparatus, used for obtaining potassium, differs very little 
from that which is commonly employed to decompose water by 
means of iron.* It consists of a common gun-barrel curved, and 
drawn out, at one end, to rather a smaller diameter, as represented 
in the 9th plate, fig. 83, c. To one end is adapted an iron tube a, of 
the capacity of two cubic inches, for containing the potash. At the 
bottom of this tube is a small hole, through which the potash gradu- 

• Hachette in Philosophical Magazine, xxxii. 89 ; and Mr. F.. Davy, ditto.- 
page 276. 

Vol. I 23 
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ally flows. To the opposite end of the gun-barrel a tube of safety e 
is to be cemented ; and into this a sufficient quantity poured, either 
of mercury or of naphtha. Into the gun-barrel, 2| parts of very 
clean iron turnings are to be introduced, and pushed on to the bent 
part c. The tube, carefully luted, is then to be placed in a small 
furnace nine or ten inches in diameter, and provided with a pair of 
double blast bellows, the pipe from which is shown at/. The next 
step is to insert the tube a in its place, after having put into it 1| 
parts of pure potash, deprived of as much water as possible by pre- 
vious fusion. The whole apparatus should be perfectly dry, clean, 
and impervious to air. 

A strong heat is now to be excited in the furnace d ; and while 
this is doing, the tube containing the potash, as well as the opposite 
end of the barrel, should be kept cool by ice. When the barrel has 
attained a white heat, the potash in a may be melted by a small por- 
table furnace. It will then flow, through the small hole, upon the 
iron turnings. A considerable quantity of hydrogen gas will be 
evolved by the decomposition of that portion of water, which the 
potash retains even after fusion, and which has been shown to ex- 
ceed 13 per cent. When the production of this gas slackens, we 
may remove the small furnace from beneath the tube a, and increase 
the heat in the furnace rf, in order to restore to the iron turnings at 
c the temperature proper for decomposing more potash. Theso 
operations may be repeated, alternately, till no more gas is produc- 
ed ; but last of all, the heat in the furnace should be strongly raised, 
in order to drive off some of the potassium, which strongly adheres 
to the iron turnings. 

When the furnace is quite cold, the safety tube e is to be removed, 
and its place supplied by an iron plug. If the end of the gun-barrel, 
projecting from this side of the furnace, has been kept carefully cool- 
ed during the experiment, the metal will be found adhering to it, in 
the form of brilliant laminae. In order to extract it, the gun-barrel 
is to be cut at the commencement of the part which has been kept 
cool, where the greatest quantity will be found. Another portion 
will be found dose to the plug, and this adheres so slightly to the 
gun-barrel, that the least effort serves to detach it. It is even part- 
ly oxidized by the air, which gains access during the cooling of the 
furnace ; and when the whole is covered with naphtha, the oxidized 
part is detached in laminae, exposing a white and brilliant metallic 
surface. 

The potassium, which is condensed nearest the furnace, must be. 
detached by a sharp chisel, and in the largest pieces we can possi- 
bly break off; for if it be in small molecules, it inflames in the air. 
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$ven at very low temperatures. In the middle of the gun-barrel we 
shall find an amalgam of potassium and iron, which becomes green 
on exposure to the air, the potassium returning to the state of potash. 
This operation has been successfully repeated in this country by 
Mr. Davy and others. When the iron turnings were very clean, 
the potash very dry and pure, and the whole apparatus free from 
foreign matters, the metal produced differed very little from that 
obtained by a Voltaic battery. Its lustre, ductility, and malleability 
were similar. Its point of fusion and specific gravity, however, 
were a little higher ; for it required nearly 1 30° Fahrenheit, to ren- 
der it perfectly fluid, and was to water as 796 to 1000 at 60° Fahrenheit. 
This Mr. Davy ascribes to contamination w ith a minute proportion 
of iron. 

Charcoal, it has been asserted by Curaudau (Nicholson's Journal, 
xxiv. 37), may be employed, also, for the decomposition of the alka- 
lis. To ensure success in the process, great attention, it appears, is 
necessary to the manipulations, which are fully described in the me- 
moir of the inventor. The fact sufficiently explains an observation 
of Professor Woodhouse (in Nicholson's Journal, xxi. 290). A 
mixture of half a pound of soot and two ounces of pearlash, was ex- 
posed for two hours in a covered crucible to an intense heat. When 
the mixture became cold it was emptied upon a plate, and a small 
quantity of water poured upon it, when it immediately took fire. 
This could only be owing to the conversion of part of the potash in- 
to potassium. 

Art. 3. — Potassium. [See Note 15 at the end of this vol.] 

I. The base of potash, at 60° Fahrenheit, exists in small globules, 
which possess the metallic lustre, opacity, and general appearance 
of mercury ; so that when a globule of mercury is placed near one 
of potassium the eye can discover no difference between them. At 
this temperature, however, the metal is only imperfectly fluid ; at 
70° it becomes more fluid ; and at 100° its fluidity is so perfect, that 
several globules may easily be made to run into one. 

By reducing its temperature, potassium becomes, at 50° Fahren- 
heit, a soft and malleable solid, which has the lustre of polished sil- 
ver. At about the freezing point of water, it becomes hard and brit- 
tle, and exhibits, when broken, a crystallized texture, which, in the 
microscope, seems composed of beautiful facets of a perfect white- 
ness and high metallic splendor. 

To be converted into vapour, it requires a temperature ap- 
proaching that of a red heat; and, when the experiment is conduct- 
ed under proper circumstances, it is found unaltered after distillation 
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II. Potassium is a perfect conductor both of electricity and of 
heat. 

III. Its specific gravity at 60° Fahrenheit, making some allow- 
ance for unavoidable errors in the experiment, is as 6 to 10, the lat- 
ter number being assumed as that of water. Gay Lussac and Thcn- 
ard make it between 8 and 9 ; but they probably operated on a less 
pure substance. Even in its solid form, it swims in naphtha, whose 
specific gravity is about 7| to 10. 

IV. Its combustibility has already been noticed. At the temper- 
ature of the atmosphere, it absorbs oxygen slowly ; but if heated near- 
ly to redness, or to its point of vaporization, it burns with a brilliant 
white flame and a very intense heat. 

V. It appears to be susceptible of different degrees or stages of 
oxidizement. Thus by heating it to a point, below what is neces- 
sary for its inflammation, as to 400° Fahrenheit, and in a quantity of 
oxygen gas less than is required for its saturation, its tint is changed 
to a reddish brown. A similar compound may be formed by fusing 
together potassium and potash. In this case the potash gives up 
part of its oxygen to the potassium, and a compound is obtained, in- 
termediate between the metallic base and the alkali. 

VI. The action of potassium on water is attended with some 
beautiful phenomena. When it is thrown upon water exposed to 
the atmosphere, or when it is brought into contact with a drop of 
water, it decomposes the water with great violence ; an instantane- 
ous explosion is produced with a vehement flame ; and a solution 
of pure potash is the result. The hydrogen gas, which is disen- 
gaged, appears to dissolve a portion of potassium ; for, on escaping 
into the air, it forms a white ring of smoke, gradually enlarging as it 
ascends, like the phosphuretted hydrogen gas. 

When water is made to act on the base of potash, atmospheric 
air being excluded, there is much heat and noise, but no luminous 
appearance ; and the gas evolved is pure hydrogen. It is of im- 
portance to remember that each grain of potassium, by acting on 
water, detaches about 1.06 cubic inch of hydrogen gas. 

If a globule of the base of potash be placed on ice, it instantly 
burns with a bright flame, and a deep hole is made in the ice filled 
with a fluid which is found to be a solution of potash. 

The production of alkali, by the action of water on potassium, is 
most satisfactorily shown, by dropping a globule of the metal \ipon 
moistened paper, which has been tinged with turmeric. At the mo- 
ment, when the globule comes into contact with .the paper, it burns, 
and moves rapidly as if in search of moisture, leaving behind it a 
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deep reddish brown trace, and acting upon the paper, exactly like dry 
caustic potash. 

So strong, indeed, is the affinity of potassium for oxygen, that it 
discovers and decomposes the small quantities of water contained in 
alcohol and ether, even when carefully purified, and disengages, from 
both these fluids, hydrogen gas. 

On naphtha colourless and recently distilled, potassium has very 
little power of action ; but in naphtha, which has been exposed to the 
air, it soon oxidates, and alkali is formed which unites with the naph- 
tha into a brown soap, that collects round the globules. 

VII. When thrown into the liquid mineral acids, the base of pot- 
ash inflames, and burns on the surface ; or, if kept beneath the sur- 
face, its effects are such as may be explained by its affinity for oxy- 
gen. In concentrated sulphuric acid, a white saline substance is 
formed, which is probably concentrated sulphuric acid surrounded by- 
sulphur. At the same time a gas escapes which has the smell of 
sulphurous acid mixed with hydrogen gas. In nitrous acid, nitrous 
gas is disengaged, and nitrate of potash formed. In oxymuriatic acid 
gas, it burns vividly with bright scintillations, and muriate of potash 
is generated. 

VIII. Potassium readily combines with the simple combustibles. 
To unite it with sulphur or phosphorus, it must be melted with these 
bodies under \iaphtha. 

The fihosfihuret of potassium requires for its fusion a stronger 
heat than either of its constituents. It is of the colour of lead ; and, 
when spread out, has a lustre similar to polished lead. By exposure 
to the air, or by rapid combustion, it forms phosphate of potash. 

When potassium is fused with sulphur, in a vessel filled with the 
vapour of naphtha, a ripid combination ensues, accompanied with heat 
and light, and a disengagement of sulphuretted hydrogen. The re- 
sult is a grey substance not unlike artificial sulphuret of iron. 

IX. With mercury,*potassium gives some extraordinary and beau- 
tiful results. The combination is very rapid, and is effected by 
merely bringing them into contact at the temperature of the atmos- 
phere. The amalgam, in which the potassium is in least proportion, 
seems to consist of about 1 part in weight of basis and 70 of mercury. 
It is very soft and malleable ; but by increasing the proportion of 

' potassium, we augment, in a proportional degree, the solidity and 
brittleness of the compound. 

In this state of division, potassium appears to have its affinity for 
oxygen considerably increased. By a few minutes' exposure to the 
air, potash is formed which deliquiatcs, and the mercury is left pure 
and unaltered. When a globule is thrown into water, it produces a 
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rapid decomposition and a hissing noise ; potash is formed ; pure hy- 
drogen disengaged ; and the mercury remains free. 

The fluid amalgam of potassium and mercury dissolves all the 
metals ; and in this state of union, mercury even acquires the power 
of acting on platina. 

Potassium unites, also, with gold, silver, and copper ; and, when 
the compounds are thrown into water, this fluid is decomposed, pot- 
ash is formed, and the metals are separated unaltered. 

X. Potassium reduces all the metallic oxides when heated with 
them, even of those metals which most powerfully attract oxygen, 
such as oxides of iron. In consequence of this property it decom- 
poses and corrodes flint and green glass by a veiy gentle heat ; potash 
is generated with the oxygen taken from the metal, which dissolves 
the glass and exposes a new surface. At a red heat even the purest 
glass, formed merely of potash and silex, is acted upon. The alkali 
in the glass seems to give up a part of its oxygen to the potassium, 
and an oxide of potassium results, with a less proportion of oxygen 
than is necessary to constitute potash. The silex, also, it is probable, 
is partly de-oxidized. 

From this summary of the action of potassium, it appears that all 
the most remarkable effects which it exhibits, are connected with its 
affinity for oxygen, which is sufficiently energetic to enable it to take 
oxygen from all other bodies. Hence the application of*potassiurn to 
any substance is the best test of its containing oxygen, which, if pre- 
sent, it cannot fail to detect. 

It was important to determine the proportions in which potassium 
and oxygen combine, when potash is re-generated. This Mr. Davy 
investigated by two different processes. The one consisted in ascer- 
taining how much oxygen gas disappears by the action of a given 
quantity of potassium ; the other how much hydrogen is disengaged 
from water by a known weight of the same substance. Dividing the 
bulk of the hydrogen gas by 2, he learned the quantity of oxygen 
which had been taken from the water. 

The co-incidence of results, obtained by these different methods, 

is a strong confirmation of their accuracy. By the action of potas, 

sium on oxygen gas, it appeared, on an average, that 

.,, . . . . c C 86.1 potassium. 

Potash consists of ^,„/ 

I 13.9 oxygen. 

100 
By the agency of water, the proportions differed only by a small 
fraction, so that we may state in round numbers that the base is to the. 
oxygen as six to one, or that 
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Potash is composed of 5 86 potassium. 
r £ 14 oxygen. 
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Potassureted Hydrogen Gas. 

This name I would propose for the solution of potassium in hy- 
drogen gas, which, it has already been stated, results from the action 
of potassium on water, and, as appears from Mr. Davy's experiments, 
may be formed, directly, by heating the metal in hydrogen gas. A 
large portion of potassium is thus dissolved ; but the greater part 
precipitates on cooling. The properties of this gas have not been 
minutely investigated. It is spontaneously inflammable in the atmos- 
phere ; burns with a very brilliant light, which is purple at the edg- 
es ; and throws off dense vapours of potash. 

It does not appear that potassium has any power of absorbing and 
condensing hydrogen. Neither is the base of this gas at all acted 
upon by potash ; a fact among many others, contradictory of the theo- 
ry of Gay Lussac and Thenard, that potassium is a compound of hy- 
drogen and potash. 

Art. 4.-— Sodium. 
The base of soda agrees in many of its properties with the base of 
potash, and exerts on several bodies a precisely similar action, except 
that the results are compounds of soda instead of potash. Thus with 
nitric acid it affords nitrate of soda ; with oxy-muriatic acid, muriate 
of soda. In this place, therefore, I shall describe only such of its 
properties as are peculiar to and characteristic of it. 

I. Sodium, at common temperatures, exists in a solid form. It 
is white, opaque ; and, when examined under a thin film of naphtha? 
has the lustre and general appearance of silver. It is exceedingly 
malleable, and much softer than any of the common metallic substan- 
ces. When pressed upon by a platina blade with a small force, it 
spreads into thin leaves ; and a globule of T yii or T \th of an inch in 
diameter is easily spread over a surface of a quarter of an inch. This 
property is not diminished, by cooling it to 32° Fahrenheit. Several 
globules, also, may, by strong pressure, be forced into one ; so that 
the property of welding, which belongs to platina and iron at a strong 
heat only, is possessed by this substance at common temperatures. 

II. It is lighter than water. As near as can be determined, its 
specific gravity is as 0.9348 to 1. 

III. It is much less fusible than the base of potash. At 120° Fah- 
renheit, it begins to lose its cohesion, and it is a perfect fluid at about 
180°. Hence it readily fuses under heated naphtha 
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IV. Its point of vaporization has not been ascertained ; but it re- 
mains fixed, in a state of ignition, at the point of fusion of plate glass. 

V. When sodium is exposed to the stmosphere, it immediately 
tarnishes, and by degrees becomes covered with a white crust of so- 
da, which deliquiates more slowly than that formeti on potassium. 

VI. It combines with oxygen, slowly and without luminous ap- 
pearance, at all common temperatures. When heated, the combina- 
tion becomes more rapid ; but no light is emitted till it becomes near- 
ly red hot. The flame, which it then produces is white, and it sends 
forth bright sparks, exhibiting a very beautiful effect. In common 
air, it burns with a similar colour to charcoal, but of much greater 
splendor. 

VII. When thrown into water, it produces a violent effervescence 
and a loud hissing noise ; it combines with the oxygen of the water 
to form soda : and hydrogen gas is evolved, which does not however, 
as in the case of potassium, hold any of the alkaline base in solution. 
Neither can sodium be made to dissolve in hydrogen gas, by being 
heated in contact with it. 

When thrown into hot water, the decomposition is more violent, 
and in this case a few scintillations are generally observed at the sur- 
face of the fluid ; but this is owing to small particles of the base, which 
are ejected from the water, sufficiently heated to burn in passing 
through the atmosphere. 

VIII. Its action on alcohol, ether, volatile oils, and acids, is simi- 
lar to that of potassium; but with nitric acid a vivid inflammation is 

produced. 

IX. Sodium appears to be susceptible of different degrees of oxy- 
dation. Thus when it is fused with dry soda, a partition of oxygen 
takes place between the alkali and the base. A deep brown fluid is 
produced, which becomes a dark grey solid on cooling. This sub- 
stance is capable of attracting oxygen from the atmosphere, and of 
decomposing water, by which it is again converted into soda. The 
same oxide of sodium is formed, by fusing this metal in tubes of plate 
glass. 

X. There is scarcely any difference between the visible phenom- 
ena attending the action of the base of soda, and that of potash on sul- 
phur, phosphorus, and the metals. The sulphuret of sodium has a 
deep grey colour : the phosphuret resembles lead. Added to mer- 
cury in the proportion of 75th, it renders that metal a fixed solid of 
the colour of silver, and the combination is attended with a consider- 
able degree of heat. This amalgam seems, like that of potassium, to 
form triple compounds with other metals, and even with iron and pla- 
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tina, which remains united with the mercury, when it is deprived of 
the new metal by the action of air. 

The proportions in which this base unites with oxygen to form 
soda were investigated by the methods already described in the ar- 
ticle potassium. Of these the average result is that the base and oxy- 
gen exist in soda in the proportions of 7 to 2 ; hence 

, . , c C 78 sodium. 

Soda is composed of J 22 oxygen# 

100 

SECTION II. 

Pure Ammonia. 

Art. 1. — Preparation and Qualities of Ammonia. 

I. Ammonia, in its purest form, subsists in the state of a gas. In 
order to procure it, one of the following processes may be employed. 

(a) Mix together equal parts of muriate of ammonia and quick- 
lime, each separately powdered ; and introduce them into a small gas 
bottle or retort. Apply the heat of a lamp ; and receive the gas, that 
is liberated, over mercury. 

(£) To a saturated solution of ammonia in water, or the pure li- 
quid ammonia, in a gas bottle, apply the heat of a lamp ; and collect 
the gas, as in a. 

II. This gas has the following properties : 
(a) It has a strong and very pungent smell. 

(6) It immediately extinguishes flame ; and is fatal to animals. 
Before, however, a candle is extinguished, by immersion in this gas, 
the flame is enlarged, by the addition of another, of a pale yellow col- 
our, which descends from the mouth of the jar to the bottom. If the 
flame of the candle be only in part immersed in the gas, this yellow- 
ish flame rises a few lines above the other. 

(c) It is lighter than atmospheric air. Hence a jar filled with 
this gas, and placed with its mouth upwards, is soon found to change 
its contents for common air, which, being heavier, descends, and dis- 
places the ammoniacal gas. One hundred cubic inches of this gas 
weigh 18.05 grains, barometer 30°, thermometer 55° ; or 17.86 grains, 
the pressure being the same and the thermometer 60°. By the re- 
cent experiments of Messrs. Allen and Pepys (Philosophical Trans- 
actions, 1808, page 39), undertaken at the desire of Mr. Davy, 100 
cubic inches of ammonia weigh 18.18 grains, barometer 30°, t er- 
mometer 60°. According to Gay Lussac, its specific gravity is to 
Vol. I. 24 
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that ol common air as 0.596 to 10; and hence (taking 100 cubic 
inches of air at 31 grains) 100 cubic inches of ammonia weigh 18.47 
grains. 

(d) It is not sufficiently inflammable to burn when in contact with 
common air. 

(e) It is rapidly absorbed by water. A drop or two of water be- 
ing admitted to a jar of this gas, confined over mercury, the gas will be 
immediately absorbed, and the mercury will rise, so as to fill "the 
whole of the jar, provided the gas be sufficiently pure. Ice produces 
the same effect, in a still more remarkable manner. From Mr. Da- 
vy's experiments, it appears that 100 grains of water absorb 34 grains 
of ammoniacal gas, or 190 cubic inches. Therefore a cubic inch of 
water takes up 475 cubic inches of the gas. 

Alcohol, also, absorbs several times its bulk, and affords a solution 
of ammonia in alcohol, which possesses the strong smell and other 
properties of the gas. 

(./") Water, by saturation with this gas, acquires its peculiar 
smell ; and constitutes what has been called liquid ammonia ; or, 
more properly, solution of pure ammonia in water. The method of 
effecting this impregnation will be described hereafter ; and process- 
es will be given for obtaining the solution of ammonia in considerable 
quantity, which cannot conveniently be accomplished by the process 
described in experiment e. This solution again yields its gas on ap- 
plying heat. (See I. b). 

Art. 2. — Electrical Analysis of Ammonia. 
(1) Ammoniacal gas is decomposed by electricity. Into a glass 
tube, having a conductor sealed hermetically into one end (fig. 29) 
and standing inverted over mercury, pass about one tenth of a cubic 
inch of ammoniacal gas ; and send through it a succession of electri- ■ 
cal discharges from a Leyden jar. The arrangement of the appara- 
tus, for this purpose, is shown in fig. 84, pi. ix. and is described in 
chap. v. sect. 1. When two or three hundred discharges have been 
transmitted, the gas will be found to have increased to almost twice 
its original bulk, and to have lost its property of being adsorbed by 
water. Mix it with a quantity of oxygen gas, equal to between one 
third and one half of its bulk, and pass an elcctiic spark through the 
mixture. An explosion will immediately happen ; and the quantity 
of gas will be considerably diminished. Note the amount of the 
diminution by firing ; divide it by 3 ; and multiply the product by 2. 
The result shows the quantity of hydrogen in the mixed gases which 
have been generated by electricity ; for two measures of hydrogen 
are saturated by one of oxygen gas. 
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Suppose, for example, that we expand 10 measures of ammonia 
to 18 ; and that, after adding 8 measures of oxygen gas; we find the 
whole (=26 measures) reduced by firing to 6 measures ; the dimi- 
nution will be 20. Dividing 20 by 3 we have 6.66, which multiplied 
by 2 gives 13.32 measures of hydrogen gas from 10 of ammonia. 
Deducting 13.32 from 18, we have 4.68 for the nitrogen gas contain- 
ed in the product of electrization. Therefore 10 measures of ammo- 
nia have been destroyed, and expanded into 

13.32 measures of hydrogen gas. 
4.68 nitrogen gas. 

According to the above proportions, 100 cubic inches of ammonia, 
which weigh about 18 grains, if they could be decomposed by elec- 
tricity, would give about 133 cubic inches of hydrogen weighing 
3.5 grains, and 46 of nitrogen weighing 14.4 grains, in all 17.9 grains, 
or one tenth of a grain less than the ammonia decomposed. 

(2) Ammonia may be decomposed by transmitting the gas through 
a red-hot porcelain tube, placed horizontally in a furnace, as repre- 
sented fig. 40. The products are hydrogen and nitiogen gases. 
[See note 1 6 at the end of this vol.] 

(3) The decomposition of ammonia may also be easily shown, by 
galvanizing a saturated solution of ammonia in water. In this exper- 
iment a considerable quantity of gas is produced. Expose it over a 
solution of sulphuret of potash. A small part of it, being oxygen gas, 
will disappear. The remainder consists of hydrogen and nitrogen 
gases. 

(4) In the Philosophical Transactions for 1809,1 have described 
a property of ammonia, which forms the basis of a very easy and 
quick mode of analyzing that alkali. When mingled with oxygen 
gas it may, I find, be inflamed by the electric spark, precisely like a 
mixture of hydrogen and oxygen gases. To obtain accurate results, 
however, it is necessary to use less oxygen at first, than is sufficient 
to saturate the whole hydrogen of the alkali. This is easily calculat- 
ed. If, for example, we take 10 measures of ammonia, we must 
use less oxygen than will saturate 13 or 14 measures of hydrogen 
gas, the quantity which exist in 10 of ammonia; and which require 
about 7 of oxygen gas. It will be advisable, therefore, not to add 
above 5 of oxygen. The whole 15 will probablyjaftcr firing be reduc- 
ed to about 9. To the remaining gas admit 4 or 5 measures more 
of oxygen ; and on passing the electric spark again, a second explo- 
sion will happen, with a diminution of about 6 measures. But in the 
first explosion, the whole of the oxygen disappears, and it must there- 
fore have saturated a quantity of hydrogen equal to 10 measures ; be- 
sides which, two thirds of the second diminution (6— 3 x 2) =»4 
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measures are owing to the condensation of hydrogen. Hence the 
whole hydrogen is 10+4=14. The nitrogen, the whole of which 
exists in the product of the first detonation, is ascertained by deduct- 
ing from it (viz. from 9 in the present instance) the second quantity 
of hydrogen (4) which gives 5 for the nitrogen. These numbers 
may not, perhaps, be exactly obtained by experiment ; and they are 
given merely as a general illustration of the process. 

By experiments of this kind, I have determined that 100 meas- 
ures of ammonia require, for saturating the hydrogen which they con- 
tain, between 67 and 68_ of pure oxygen gas, and afford 
Of hydrogen gas about 136 measures, 
nitrogen gas 47 measures. 

183 

The results of this analysis furnish a good example of the conden- 
sation of the elements of gases which takes place on chemical union ; 
for if we could by any mens convert a mixture of 136 measures of 
hydrogen with 74 of nitrogen into ammonia, the new gas would only 
fill 100 measures. Simple mixture of these gases, however, even in 
the same proportions which are obtained by analyzing ammonia, is 
not sufficient to generate this alkali. The caloric, with which the 
hydrogen and nitrogen are respectively combined, opposes, by its 
elasticity, an obstacle to their union, and places them beyond the 
sphere of^heir mutual attractions. If these elements are presented to 
each other when one or both are deprived of part of their caloric, 
combination then takes place ; and the composition of the volatile al- 
kali is proved synthetically, as in the following experiment. 

When iron filings, moistened with water, are exposed to nitrogen 
gas confined over mercury, the gas, after some time has elapsed, ac- 
quires the smell of volatile alkali. In this case, the iron decompo- 
ses the water and seizes its oxygen ; while the hydrogen, at the mo- 
ment of its liberation, unites with nitrogen and composes ammonia. 
This state of condensation, or absence of the quantity of caloric ne- 
cessary to bring it into a gaseous form, ha^ been called the nascent state 
of hydrogen ; and the same term has been applied to the bases of oth- 
er gases when in a similar state. 

Art. 3. — Decomposition of Ammonia by Potassium. 
Beside the hydrogen and nitrogen which, it has already been 
stated, are obtained by decomposing ammonia, it has lately been con- 
jectured by Mr. Davy that this alkali contains, also, a small propor- 
tion of oxygen, not exceeding seven or eight parts in the hundred. 
The arguments, which he has brought in favour of this opinion, are 
derived chiefly from the following fact* 
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1. When he decomposed ammonia by electricity, the gases pro- 
duced fell short, by nearly one eleventh, of the weight of the am- 
monia employed ; in other words 100 grains of ammonia gave only 
about 91 grains of permanent gases. To obtain this result, however, 
several precautions are necessary, which are fully stated by Mr. 
Davy in the Philosophical Transactions for 1809, page 460. 

2. By repeatedly transmitting ammoniacal gas (previously de- 
prived, by passing it through a tube surrounded by a freezing mix- 
ture, of as much water as possible) over red-hot iron wire, the metal 
became superficially oxidized, and gained a very slight increase of 
weight. It is proper, however, to state that a similar experiment was 
made by Mr. Berthollet, junior, with different, or at least with equiv- 
ocal, results. .Besides, a very minute addition of oxygen might be 
furnished to the iron by the decomposition of a small portion of wa- 
ter, which ammoniacal gas, in common with all other gases, con- 
tains ; and which would scarcely be separated from it by the tem- 
perature of a freezing mixture. 

It must be acknowledged, however, that the indirect evidence, 
in favour of the presence of oxygen as an element of ammonia, which 
is furnished by other experiments of Mr. Davy, is much stronger 
than that derived from the results of its analysis. These experi- 
ments even go so far as to suggest that ammonia may, like the fix- 
ed alkalis, be an oxide of a peculiar metal, or at least of some com- 
pound containing the elements of a metal. And, as hydrogen and 
nitrogen alone are obtained by the electrical analysis of ammonia, 
it will follow that the metal in question is either a compound of those 
two bases, or a component part of one of them. If this should be 
established, we shall obtain proof of a fact of the greatest novelty and 
curiosity, viz. the existence of a metal or a metallic oxide, v 
natural state is that of an aeriform fluid. 

To understand the general outline of these experiments, it may 
be necessary to premise that whenever mercury, after combination 
with another substance, retains in a great measure its characteristic 
properties, and forms what has been called an amalgam, wc infer 
that the change has been produced by its union with a metal ; for 
the metals are the only bodies which are capable of amalgamating 
with quicksilver. Now it was found, by M. M. Berzclius and Pon- 
tin of Stockholm, that when mercury, negatively electrified in the 
Voltaic circuit, is placed in contact with solution of ammonia, it 
gradually expands to four or five times its dimensions, and becomes 
a soft solid, which, at 70° or 80° Fahrenheit, has the consistence of 
butter. At the freezing temperature, it becomes firmer, and forms 
a crystallized mass, in which. small shining facets appear. By this 
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combination, it is very remarkable that mercury gains an addition of 
only about one twelve thousandth part of its weight ; and yet has its 
specific gravity so much decreased, that from being between 13 and 
14 times heavier than water, it becomes only tHrec times heavier. 
Its colour, lustre, opacity, and conducting powers remain unimpair- 
ed. [See note 17 at the end of this vol.] 

When this amalgam is exposed to the atmosphere, oxygen is 
absorbed ; ammonia is reproduced ; and the quicksilver is recover- 
ed in its metallic form. When thrown into water ammonia is also 
regenerated, and quicksilver separated, hydrogen gas being at the 
same time evolved. It appears, then, that in the formation of the 
amalgam, mercury combines with one or more of the elements of 
ammonia, and that in the subsequent oxidation of what is thus ac- 
quired by the ammonia, consists the process of regenerating alkali. 
In this view of the subject, there certainly appears great reason to 
believe that oxygen is one of the constituents of ammonia ; but the 
facts arc not sufficiently simple to furnish incontrovcitiblc evidence. 

On the supposition that the unknown substance, which amalga- 
mates with the mercury, is of a metallic nature, Mr. Davy has pro- 
posed for it the term ammonium. All attempts to detach it from 
this combination, and to exhibit it in a separate form, have hitherto 
failed ; and it still remains an object of farther investigation. 

It was reasonable to expect that oxygen, if contained in ammo- 
nia, would he discovered by the action of potassium ; which, in that 
case, would be converted into potash. Accordingly it was found 
that by heating this new metal in ammoniacal gas, its surface soon 
became covered with a crust of potash. By continuing the heat, 
this crust soon disappeared ; and the whole of the potassium was 
converted into a dark olive-coloured substance, and acquired an in- 
crease of about one third of its original weight. At the same time, 
pure hydrogen gas was evolved, and constituted the only aeriform 
remainder. This last fact is peculiarly curious and important. 

The olive-coloured substance, thus obtained, was heavier than 
water; was fusible at a heat a little above 212° Fahrenheit; and, if 
heated much higher, emitted gas. When immersed in water, am- 
monia was produced, and bubbles of hydrogen gas were disengaged. 
If moisture could have been employed in exactly the proper quanti- 
ty, Mr. Davy believes that the ammonia regenerated would have been 
exactly equal to that, which disappeared in the first part of the pro- 
cess. By distillation per se, the fusible substance gave off a little un- 
decomposed ammonia, and hydrogen and nitrogen gases in the pro- 
portion of 2£ measures to 1. The residue of this distillation was a 
black, shining, opaque, and brittle substance ; which was highly in. 
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flammable when exposed to air at the ordinary temperature. When 
added to water, it effervesced violently ; ammonia was generated • a 
little hydrogen evolved; and potash remained. In oxygen gas it 
burned vividly ; aiM a quantity of nitrogen resulted, less in bulk than 
ought to have been obtained from the ammonia .decomposed ; but no 
ammonia was regenerated. When submitted to distillation fier se, in 
a platina tube (which was done with the expectation that nitrogen gas 
alone would have been evolved) a gas was obtained, of which one fifth 
only was nitrogen, and four fifths hydrogen, and which contained no am- 
monia. In the tube potash remained. 

The explanation of these results is attended with considerable dif- 
ficulty. The fusible substance, formed in the first part of the pro- 
cess, Mr. Davy is disposed to consider as an alloy of potassium with 
ammonium. When it is acted on by water, both these bodies are ox- 
idated, and are consequently changed, the potassium into potash, and 
the ammonium into volatile alkali ; while the hydrogen of the water 
is set at liberty. There are some circumstances, however, attending 
its production, which are not a little perplexing. Ammonia, by elec- 
trical analysis, yields both hydrogen and nitrogen gases. Yet by the 
action of potassium, hydrogen gas alone is evolved, and in quantity 
nearly equal to what the ammonia contains. What then becomes of the 
nitrogen ? The most obvious conclusion appeared to be, that it must 
remain combined with the potassium, and would probably be devel- 
oped by the action of heat. Yet, by distilling the fusible substance, a 
gas was evolved containing more hydrogen and less nitrogen, than ex- 
ists in the product of the electrization of ammonia. For exam- 
ple, \ 1 cubic inches of ammonia give, by electrical decomposition, 
about 14 cubic inches of hydrogen gas and about 5^ of nitrogen. 
But by the agency of potassium on the same quantity of ammonia, six 
cubic inches (omitting fractions) of hydrogen gas were obtained in the 
first instance ; and, by the distillation of the fusible substance, 10 cu- 
bic inches more, making in all 16. By these processes, only S| cubic 
inches of nitrogen gas were obtained. It appears then that two cu-- 
bic inches of hydrogen were evolved, more than existed in the ammo- 
nia at the outset ; and there was a loss of two cubic inches of nitrogen. 
The most probable explanation of the fact is, that a part of the nitro- 
gen was decomposed, into oxygen which united with the potassium, 
and hydrogen which appeared in a gaseous state. 

Thus we acquire new views of the nature of nitrogen, which if 
confirmed, will lead us to regard it as an oxide of hydrogen. It will 
follow also that hydrogen is the only ingredient of ammonia, which is 
essentially metallic, and capable of amalgamating with mercury ; and 
thus even water itself will be considered as a metallic oxide. 
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By subsequent experiments on this subject,* Mr. Davy has estab- 
lished the accuracy of his former results. In the distillation of the 
fusible substance, he has found, moreover, that the proportion of the 
nitrogen to the hydrogen diminishes in the latter stages of the pro- 
cess. When the fusible substance is distilled with an addition of po- 
tassium, the proportion of nitrogen to hydrogen is still farther dimin- 
ished ; and a large quantity of potash is generated. The same result 
is the more remarkable, in proportion as the heat is quickly raised ; 
while, by a slow and cautious distillation, the whole product of elas- 
tic matter is lessened, and the nitrogen bears a greater proportion to 
the hydrogen. The action, then, of fresh potassium on the fusible sub- 
stance appears to consist in its decomposing a still farther proportion 
of nitrogen into hydrogen and oxygen. 

Though these facts cannot be easily explained, except on the sup- 
position that nitrogen is an oxide ; yet (as is candidly acknowledged 
by Mr. Davy), in processes so delicate and complicated, and involving 
such numerous data, we cannot be certain that every source of fallacy 
has been avoided, and every circumstance observed and reasoned up- 
on. 



CHAPTER IX. 

EARTHS. 

The term earth was, till lately, employed to denote " a tasteless, in- 
odorous, dry, brittle, and uninflammable substance, not more than five 
times heavier than water." This definition, however, was rendered 
imperfect by the discovery, that certain earths have a strong taste, and 
are readily soluble in water, which yet possess the other characters 
of earthy bodies. Some of the earths were therefore removed from 
this class, and arranged among the alkalis. The classification, how- 
ever, which appears to me most eligible, is that which divides them 
into earths simply, and alkaline earths ; the latter partaking of the 
characters both of earths and alkalis. The alkaline earths are Bary- 
tes, Stontites, Lime, and Magnesia. The earths are Silex, Alumine, 
Zircon, Glucine, and Yttria.f 

Until the important sera of Mr. Davy's discoveries, the earths 
were, with respect to the state of our knowledge, simple or elementa- 

* Philosophical Transactions, 1809, page 450. 

f The Agustine of Tromsdorff has been shown, by Berthollet, to be merely- 
Phosphate of Lime. Nicholson's Journal, 8vo, vii. 117. 



CHAP. IX. ANALYSIS OF THE EARTHS. 193 

ry bodies. Many conjectures, it is true, had been formed respecting 
their nature ; and, among these, we find that their composition of oxy- 
gen and a metallic base had been suggested as a probable theory.* 
Led by the analogy arising from his experiments on the alkalis, Mr. 
Davy, however, was the first to demonstrate what had before been on- 
ly imagined ; and to 'disunite, by the agency of strong electrical pow- 
ers, the constituent principles of several of this class ol bodies. 

In this part of the investigation, difficulties were encountered 
which demanded great perseverance and more complicated processes. 
The affinity of the earthy bases for oxygen appears considerably to 
surpass that of the metals composing potash and soda ; and it was 
found that simple exposure to the opposite electricities was not ade- 
quate to the separation of the principles, which compose the earths ; 
or, at least, that the effect was too indistinct to furnish satisfactory 
evidence of their nature. Mr. Davy was, therefore, induced to elec- 
trify the earths, as he had formerly operated on potash, in contact 
with the oxides of known metals ; with the expectation that the me- 
tallic base of the earth would unite with the metal contained in the 
oxide he employed, and form an alloy. Thus a mixture of barytes 
and red oxide of mercury might be expected to yield an alloy of mer- 
cury with the metallic base of barytes ; and such, in fact, was the re- 
sult of the experiment ; for a solid amalgam adhered to the negative 
wire, which, when thrown into water, evolved hydrogen, leaving pure 
mercury, and a solution of barytes. Mixtures of lime, strontites, or 
magnesia with oxide of mercury, gave similar amalgams, from which 
the respective alkalis were regenerated by the action of air or water ; 
but the quantity obtained was too minute for investigation. 

On the suggestion of Professor Berzelius of Stockholm, the earths 
were next electrified negatively in contact with mercury itself; and 
in this way amalgams were obtained from barytes, strontites, lime, and 
magnesia. These compounds of mercury with the metallic base of 
the earths decomposed water, and the earth, which had afforded them, 
was regenerated. Under naphtha, they might be preserved for a 
considerable time ; but at length they became covered with a white 
crust. 

To procure quantities of these amalgams sufficient for distillation 
the earths were slightly moistened, and mixed with one third of red 
oxide of mercury : the mixture was then placed on a plate of platina, 
a cavity was made in the upper part of it to receive a globule of mer- 
cury of from 50 to 60 grains in weight, and the whole was covered 

* The reader may consult a history of opinion respecting the earths, in a 
note to Mr. Davy's paper, Philosophical Transactions, 1808. 
Vol. I. ' 35 
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with a thin film of naphtha : lastly, the plate was made positive, anc! 
the mercury negative, by a proper communication with a battery of 
500 pairs. 

From these amalgams, the mercury was* separated by distilling in 
small tubes of glass filled with the vapour of naphtha. Considerable 
difficulties, however, attended these operations, and after all Mr. Da- 
vy could, in no case, be absolutely certain, that there was not a small 
quantity of mercury in combination with the metals of the earths. 

The proportion of oxygen and metal has not yet been ascertained 
in any of the earths ; but the evidence from anysis of their composition 
is perfectly satisfactory, the inflammable base appearing uniformly at 
the negative surface in the Voltaic circuit, and the oxygen at the pos- 
itive surface. 

The decomposition of the other earths, alumine, silex, zircon, and 
glucine was not effected by the same means, that had been applied 
successfully to the alkaline earths. Combinations of potash and alu- 
mine, and of potash and silex, were electrified with the hope that the 
bases of these earths would be obtained in the state of an alloy with 
potassium. Soda and zircon were similarly treated. In all these ca- 
ses, the phenomena indicated that some portion of the several earths 
had been decomposed ; but in too minute a quantity to examine the 
properties of their bases. 

Lastly, potassium, amalgamated with about one third its Weight of 
mercury, was electrified negatively under naphtha,in contact with the 
four earths, which were last enumerated. The potassium generated 
Avas thrown into water, and the alkali produced saturated with acetic 
acid. Now if any metal had thus been obtained from the earths, it 
would exist in the form of an alloy with potassium ; both metals 
would be oxydized by the water ; the potassium would reproduce pot- 
ash, and the other metal the earth which gave it origin, which earth 
would be dissolved by the solution of potash, and would reappear on 
adding an acid. The general tenor of the results gave great reason 
to conclude that alumine, silex, glucine, and zircon are, like the alka- 
line earths, metallic oxides; but the evidence, it must be confessed, is 
not altogether unequivocal. 

SECTION I. 

Barytes. 

Barytes may be obtained In a state of fiurity, by the calcination 
of its carbonate or nitrate, in a manner which will be hereafter de- 
scribed. (See chap. xi. sect. 2. art. iv.) It exhibits, when pure, the 
following properties. 
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I. Barytes, in a pure form, has a sharp caustic taste ; changes veg- 
etable blue colours to green ; and serves as the intermedium be- 
tween oil and water. In these respects, it bears a strong resemblance 
to alkalis. 

II. When exposed to the flame of the blow-pipe on charcoal, it 
meltc ; boils violently ; and forms small globules, which sink into the 
charcoal. After being kept in fusion in a crucible during ten min- 
utes, it still, according to Berthollet, contans 9 per cent, of water. This, 
however, is true only of barytes which has been obtained from the 
carbonate, by a process to be described hereafter. Barytes, procur- 
ed by decomposing the nitrate of that earth, is not fusible, and ap- 
pears to contain little if any water. (Nicholson's Journal, xxiii. 28 1 .) 

III. If a small quantity of water be added to recently prepared 
barytes, it is absorbed with great rapidity ; prodigious heat is excit- 
ed ; and the water is completely solidified, a sort of hard cement be- 
ing obtained. A little more water converts this mass into a light 
bulky powder ; and, when completely covered with water, the barytes 
is dissolved. Boiling water should be employed for this purpose j 
unless sufficient temperature has been produced, by the sudden addi- 
tion of the whole quantity necessary for solution. 

IV. When the solution, prepared with boiling water, is allowed 
to cool slowly, it shoots into regular crystals. These have the form 
of flattened hexagonal prisms, having two broad sides, with two inter- 
vening narrow ones ; and terminated, at each end, by a quadrangular 
pyramid. 

V. The crystals are so soluble, as to be taken up, when heated, 
merely by their own water of crystallization. When exposed to a 
stronger heat, they swell, foam, and leave a dry white powder, 
amounting to about 47 parts from 100 of the crystals. This again 
combines with water with great heat and violence. At 60° of Fah- 
renheit, an ounce measure of water dissolves only 25 grains of the 
crystals, i. e. they require for solution, 17^ times their weight of wa- 
ter. Exposed to the atmosphere, they effloresce, and become pul- 
verulent. 

VI. When added to spirit of wine, and heated in a spoon over a 
lamp, they communicate a yellowish colour to its flame. 

VII. The specific gravity of this earth, according to Fourcroy, 
is 4, but Hassenfratz states it at only 2.374. The former account, 
however, is the more probable. All its combinations have consider- 
able specific gravity ; and hence its name is derived, viz. from the 
Greek word /3*f ks, signifying heavy. 

VIII. Barytes does not unite with any of the alkalis. 

Of the base of barytes, or barium. — -The base of baryte; was ob- 
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tained by IMr. Davy by distilling its amalgam, obtained in tbe mode, 
which has already been described in the section on the earths in gen- 
eral. 

The residuum of this distillation was a white metal of the colour 
of silver. At the ordinary temperature of the air it remained a sol- 
id ; but became fluid at a heat below redness. It did not rise in va- 
pour, till heated nearly to redness, and then acted violently upon the 
glass. 

When exposed to the air, this substance rapidly tarnished, and 
fell into a white powder, which was barytes. When this process was 
conducted in a small portion of air, the oxygen was found absorbed ; 
and the nitrogen remained unaltered. A portion of it thrown into wa- 
ter acted upon it with great violence, and sunk to the bottom, produc- 
ing barytes and evolving hydrogen gas. 

The quantities obtained were too minute for an examination either 
of its physical or chemical qualities. It sunk rapidly in water, and 
even in sulphuric acid, though surrounded by globules of hydrogen 
equal to two or three times its volume. Hence it is probable that it 
cannot be less than four or five times as heavy as water. It was flat- 
tened by pressure, but required considerable force for this effect. 

SECTION II. 

Strontites. 

I. Strontites, (called also Strontia, from Strontian in Scotland, 
the place where it was first discovered) resembles barytes in many of 
its properties ; and all that is included in the first three paragraphs of 
the last section may be applied, also, to this earth. 

II. Like barytes, strontites is readily soluble in boiling water ; and 
the solution, on cooling, affords regular crystals ; but the shape of 
these differs considerably from that of barytic crystals. The crystals 
of strontites are thin quadrangular plates ; sometimes square, often- 
er parallelograms ; not exceeding in length, and not reaching in 
breadth, a quarter of an inch. Sometimes their edges are plain, but 
they oftener consist of two facets, meeting together, and forming an 
angle like the roof of a house. They adhere to each other in such a 
manner as to form a thin plate, of an inch or more in length, and half 
an inch in breadth. Sometimes they assume a cubic form. 

III. These crystals undergo, by the action of heat, much the 
same changes as those of barytes j and leave only about 32 fier cent. 
of the dry earth. One part of the crystals requires about 5 14 of wa- 
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ter at the temperature of 60° for solution, but boiling water takes up 
half its weight. 

IV. Boiling alcohol, with the addition of these crystals, burns 
with a blood red flame. 

V. Strontites does not combine with alkalis. Barytcs has no af- 
finity for it ; for no precipitation ensues, on mixing the watery solu- 
tions of the two earths. 

From the preceding enumeration of its characters, it appears that 
strontites differs from barytes in the form of its crystals, which con- 
tain also more combined water, and are less soluble than those of ba- 
rytes ; and also in affording, with alcohol, a flame of different colour. 
These distinctions were deduced by Dr. Hope, from his excellent se- 
ries of experiments on the two earths. (See Edinburgh Transactions, 
vol. iv). Other circumstances of distinction, derived from the pro- 
perties of their respective salts, will be stated hereafter. 

Of the base of strontites or strontium. — We know but little of 
the base of strontites. All that Mr. Davy observes respecting it is 
that it sinks in sulphuric acid, and exhibits the same characters as 
barium, excepting that it produces strontites by oxidation. 

SECTION III. 

Lime. 

I. Its external qualities. — These may be exhibited in common 
quicklime, such as is employed for the purposes of building or agri- 
culture. In the same state, it is sufficiently pure for demonstrating 
its chemical properties ; but, when used for purposes of the latter 
kind, it should be fresh burnt from the kiln. 

II. Relation of lime to water. 

(a) Lime absorbs water very rapidly with considerable heat and 
noise. This may be shown by sprinkling a little water on some dry 
quicklime. The above-mentioned phenomena will take place, and 
the lime will fall into powder, which has been called hydrat of lime. 
In this compound, the lime is to the water as 23 to 8. Some care, 
however, is necessary in its preparation, lest more water should be ad- 
ded, than is essential to its constitution. It affords a very convenient 
form of keeping lime, for occasional use in a laboratory ; for the hy- 
drat may safely be preserved in glass bottles, which are almost con- 
stantly broken by the earth in its perfectly dry state. 

The degree of heat, produced by the combination of lime with 
water, is sufficient to set fire to some inflammable bodies ; and when 
a large quantity of lime is suddenly slaked in a dark place, even light, 
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according to Pclletier, is sometimes evolved. The caloric, which is 
thus set at liberty, is doubtless that contained in the water, and essen- 
tial to its fluidity. By combination with lime, water passes to a solid 
state, and probably even to a state of much greater solidity than that 
of ice. Hence, during this change, it evolves more caloric than dur- 
ing conversion into ice ; and hence even ice itself, when mixed with 
quicklime, in the proportion of one to two, enters into a combination 
which has its temperature raised to 212°. When a sufficient quan- 
tity of water has been added to reduce lime into a thin liquid, this is 
called milk or cream of lime. 

Lime is, in some degree, convertible into vapour by combination 
with water. When a piece of moistened paper, stained with the juice 
of the violet, is held in the steam, which arises from lime suddenly 
slaked, its colour is changed from blue to green. Hence the smell 
which is perceived during the slaking of lime. 

(b) Lime absorbs moisture from the atmosphere, and falls gradual- 
ly into powder. 

(c) Lime is very sparingly soluble in water, viz. in the proportion 
of about 1 to 500; and, when thus dissolved, forms what has been term- 
ed lime-nvater. This solution tastes strongly of lime, turns vegetable 
blues to green, and unites with oil, forming an imperfect soap. To 
prepare the solution, lime is to be slaked to a thin paste, and a suffi- 
cient quantity of boiling water, afterwards added. The mixture is to 
be stirred Tepeatedly, the lime allowed to settle, and the clear liquor 
decanted for use. It must be preserved in closely stopped vessels. 

(rf) Lime does not combine, in any notable proportion, with the aK 
kalis or earths already described. 

The base of lime, to which Mr. Davy has given the name of cal- 
cium, he has never been able to examine, exposed to air under naph- 
tha. In the case, in which he was able to distil the quicksilver from 
it to the greatest extent, the tube unfortunately broke whilst warm; 
and, at the moment that the air entered, the metal, which had the col- 
our and lustre of silver, instantly took fire, and burnt, with an intense 
white light, into lime. 

SECTION IV. 

Magnesia. 

Magnesia possesses the properties of an alkali, but in a consid- 
erable less degree than any of the foregoing earths. Its characters 
are as follow : 

I. When perfectly pure, it is entirely destitute of taste and smcl!. 
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II. No heat is excited by the affusion of water, and only a very 
small proportion, not exceeding a 2000dth its weight, of the earth is 
dissolved. Magnesia appears, however, to have some affinity for wa- 
ter ; for when moistened, and afterwards dried, its weight is found in- 
creased in the proportion of 1 18 to 100. 

III. Magnesia changes to green the blue colour of the violet ; but 
the watery solution of magnesia, when filtered through paper, does 
not produce a similar effect. In this respect, it differs from lime. 

IV. It is not dissolved by liquid alkalis, nor by alkaline earths ; 
and in the dry way, it has no affinity for barytes or strontites. 

The base of magnesia, for which Mr. Davy has proposed the term 
magnium, is but imperfectly known. In the attempts to distil its 
amalgams, the metal seemed to act upon the glass, even before the 
whole of the quicksilver was distilled from it. In one experiment, in 
which Mr. Davy stopped the process before the mercury was entirely 
driven off, it appeared as a solid, having the same whiteness and lus- 
tre as the other metals of the earths. It sunk rapidly in water, though 
surrounded by globules of gas, and produced magnesia. In the air, 
it quickly changed, becoming covered with a white crust, and falling 
into a white powder, which proved to be magnesia. 

SECTION V. 

Silex» 
I. Siliceous earth, or silex, may be obtained tolerably pure from 
flints by the following process : — Procure some common gun-flints, 
and calcine them in a crucible in a low red-heat. By this treatment 
they will become brittle, and easily reducible to powder. Mix them, 
when pulverized, with three or four times their weight of carbonate 
of potash, and let the mixture be fused in a strong red-heat, in a cru- 
cible. The materials must bear only a small proportion to the capa- 
city of the crucible ; and the heat must at first be very moderate, and 
slowly increased. Even with this precaution, the mass, on entering 
into fusion, will be apt to overflow ; and must be pressed down as it 
rises, by an iron rod. When this effervescence has ceased, let the 
heat be considerably raised, so that the materials may be in perfect 
fusion during half an hour, and pour the melted mass on a copper or 
iron dish. We shall thus obtain a compound of alkali and siliceous 
earth. Dissolve this in water, filter the solution, and add to it diluted 
sulphuric or muriatic acid. An immediate precipitation will ensue, 
and, as long as this continues, add fresh portions of acid. Let the. 
precipitate subside, pour off the liquor that floats above it, and wash 
the sediment with hot water, till it comes off tasteless. Then dry i f . 



200 blLEX. OHAP. IX. 

Silex, obtained by this process, though pure enough for the fol- 
lowing experiments, may still contain a portion of alumine. To se- 
parate the latter earth, boil the precipitate with diluted sulphuric acid, 
to which a little sulphate of potash may be added. The alumine will 
thus be dissolved ; and the silex may be freed from the solution of 
alum by l-epeated washings with water. Even silex, however, that 
has been most carefully washed, still gives traces of potash on the ap- 
plication of electro-chemical powers. (Davy.) 

II. Siliceous earth, as thus obtained, has the following qualities : 

(a) It is perfectly white and tasteless. 

(6) When mixed with water, it does not form a cohesive mass 
like alumine, and has a dry and harsh feel to the fingers. 

(c) It is insoluble in water. Yet, when fresh precipitated, water 
has the property of retaining in solution about one thousandth of its 
weight.* That silex, however, is dissolved in water by processes of 
nature, can scarcely be doubted when it is considered, that it is found, 
in considerable quantities, in a crystallized form. 

(d) It is not acted on by any acid, except the fluoric. 

(e) When prepared in the foregoing manner, and very minutely 
divided, silex is taken up by a solution of pure potash, or of soda, but 
not by ammonia. In the aggregated state of flints, however, it is per- 
fectly insoluble in this way by alkaline solutions, an excellent illustra- 
tion of the principle that a very minute division of solid bodies, by 
presenting a greater surface to the action of fluids, facilitates solu- 
tion. 

(/) When mixed with an equal weight of carbonate of potash, 
and exposed to a strong heat in a furnace, it forms a glass, insoluble 
in water, and identical in all its properties with the glass commonly 
manufactured. It is owing to the siliceous earth which it contains, 
that glass is decomposed by the fluoric acid. Glass, however, has 
occasionally other ingredients, besides the two that have beon men- 
tioned. 

(#•) With a larger proportion of alkali, as three or four parts to 
one of silex, this earth affordsa compound called, by Dr. Black, silicat- 
ed alkali. This compound, formed by the process which has been 
just described, is soluble in water, and affords a good example of 
the total change of the properties of bodies by chemical union ; for, 
in a separate state, no substance whatever is more difficult of solution 
than silex. The solution of silicated alkali was formerly termed li- 
quor silicum, or liquor of'Jlints. Acids seize the alkali, and precipi- 

* See Klaproth's Contributions, vol. i. page 399,400. 
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tate the silex, which is even separated by mere exposure to the at- 
mosphere, in consequence of the absorption of carbonic acid by the 
. alkali. 

(h) Barytes, or strontites, and silex combine together, in a man- 
ner similar to the union of this earth with alkalis ; but the combina- 
tion has not been applied to any useful purpose. 

(i) When a solution of silex in potash is mingled with one of ba- 
rytes, of strontites, or of lime in water, or of alumine in alkali, a pre- 
cipitation ensues. Hence silex may be inferred to have an affinity 
for all these earths, in the humid way. 

Base of silex. — In his attempts to obtain the base of silex, or sz- 
licium, in a state of separation, Mr. Davy has hitherto been unsuc- 
cessful ; though the results of his experiments leave little room to 
doubt that this earth is, like the rest, a metallic oxide. 

Silex, he found, when diffused through water, and placed in the 
electrical circuit, manifested no particular attraction either for the 
positive or negative pole. Hence he infers that its elements, as to 
their electrical energies, are nearly in an equilibrium. 

Mr. Davy's first attempts to decompose silex were founded on 
the presumption that it might possibly be a compound of some un- 
known acid and earth ; but the results gave no countenance to this 
opinion. He next electrified silex and potash united by fusion ; and 
obtained a metal, which, when immersed in water, gave both silex 
and potash. By fusion with silex, also, potassium seemed to be 
changed into protoxide ; but the results were by no means satisfac- 
tory. 

Potassium, amalgamated with about one third of mercury, was 
negatively electrified under naphtha by a strong power, with the ex- 
pectation of obtaining an alloy of that metal and the base of silex. 
The potassium, when afterwards thrown into water, generated potash 
which was combined with silex. It is possible, however, that this 
might be owing to the combination of silex itself, and not of its base, 
with potassium. And on the whole it must be confessed, that the 
evidence of the nature of silex falls far short of that which we pos- 
sess respecting the alkalis and alkaline earths. 



SECTION VI. 

Alumine. 

I. Alumine may be obtained free from other earths, but still com- 
bined with carbonic acid, by precipitating a solution of alum in water 
Vok I. 26 
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by the crystallized carbonate of potash. To secure its complete pu- 
rification from sulphuric acid, Guyton advises that the precipitate be 
re-dissolved in nitric acid, that nitrate of barytes be cautiously added 
to the solution, till it no longer occasions milkiness, and that the al- 
unune be afterwards precipitated, or separated from the nitric acid 
by heat, (jinnales de Chimie, xxxii. 64.) Electro-chemical analy- 
sis, however, in this as in many other instances, shows the imperfec- 
tion of the common methods of separating bodies from each other ; 
for the most carefully prepared alumine yields the metals of soda and 
potash, when negatively electrified in contact with mercury. (Da- 
vy, Philosophical Transactions, 1808.) 

II. Alumine has the following properties : 

1. It is destitute of taste and smell. 

2. When moistened with water, it forms a cohesive and ductile 
mass, susceptible of being kneaded into a regular form. It is not so- 
luble in water ; but retains a considerable quantity. 

3. It does not affect blue vegetable colours. 

4. It is dissolved by the liquid fixed alkalis, and is precipitated by 
acids unchanged. In ammonia, it is very sparingly soluble. It is 
not soluble in alkaline carbonates. 

5. Barytes and strontites combine with alumine, both by fusion 
and in the humid way. In the first case, the result is a greenish or 
blueish coloured mass. In the second, two compounds are formed. 
The first, containing an excess of alumine, is in the state of an inso- 
luble powder ; the other, having an excess of the alkaline earth r re- 
mains in solution. Alumine may be united, by fusion, with the fixed 
alkalis, and with most of the earths. 

6. Alumine, as will be afterwards shown, has a strong affinity for 
colouring matter. 

7. Alumine has the property of shrinking considerably in bulk, 
Avhen exposed to heat, and its contraction is in proportion to the in- 
tensity of the heat applied. On this property is founded the fiyrome- 
tcr of Wedgwood, which measures high degrees of heat, by the 
amount of the contraction of regularly shaped pieces of china clay. 
The pieces of clay are small cylinders, half an inch in diameter, flat- 
tened on the under surface, and baked in a low red-heat. The con- 
traction of these pieces is measured, by putting them between two 
fixed rulers of brass or porcelain, twenty four inches long, and half an 
inch distant from each other at one end, and three tenths of an inch 
at the other. The rulers are divided into 240 equal parts, called de- 
grees, which commence at the wider end ; and each of which is 
equal to 130° of Fahrenheit. When the clay piece is fixed in its 
place, before exposure to heat, it is stationary at the first degree, 
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which indicates about 1077° of Fahrenheit. After being strongly 
heated, in a small case which defends it from the fuel, its bulk is di- 
minished, and it slides down, between the converging rulers, till stop- 
ped by their approach. The number on the graduated scale, oppo- 
site to the upper end of the piece, indicates the degree of heat to 
which it has been exposed. In the Appendix, rules may be found 
for reducing the degrees of Wedgwood's pyrometer to those of Fah- 
renheit's thermometer. 

Almost every thing that has been said respecting the base of silex 
is true, also, of that of alumine ; for Mr. Davy attempted the decom- 
position of the two earths by much the same processes. All that his 
results afford, is a strong presumption that alumine is a metallic ox- 
ide ; but its base, alumium, has not been yet obtained in such a state 
as to make it a fit object of investigation. 

SECTION VII. 

Zircon. 

I. This earth was discovered by Klaproth in the year 1789, in a 
precious stone from the island of Ceylon, called Jargon or Zircon ; 
and has since been detected in the hyacinth. It may be obtained by 
the following process : 

Reduce the hyacinth to fine powder, which may be done in an 
agate mortar, after previously igniting the stone, and plunging it into 
cold water; to render it brittle. Mix the powder with nine times its 
weight of pure potash ; and project it, by a spoonful at once, into a 
red-hot crucible, taking care not to add fresh proportions till the for- 
mer ones are melted. When the whole is in fusion, increase the heat 
for an hour, or an hour and a half. When the crucible has cooled, 
break it, and detach its contents ; reduce them to powder, and boil 
them with distilled water. Let the insoluble part subside ; decant 
the clear liquor, and wash the sediment with water, till the washings 
cease to precipitate muriated barytes. On the residuum pour muri- 
atic acid to excess, and boil it during a quarter of an hour ; filter the 
liquor, and evaporate to dryness in a leaden vessel. Re-dissolve the 
dry mass ; filter again, and precipitate the zircon with carbonate of 
soda. The carbonate of zircon is thus obtained, from which the car- 
bonic acid may be expelled by calcination. 

II. Zircon has the following properties : 

1 . It has the form of a fine white powder, which has L^-mewhat 
the harsh feel of silcx, when rubbed between the fingers. It is en- 
tirely destitute of tase and smell. 
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2. It is insoluble in water ; yet it appears to have some affinity for 
that fluid, for it retains, when slowly dried after precipitation, one 
third its weight, and assumes a yellow colour and slight transparen- 
cy, like that of gum Arabic. 

3. It is insoluble in pure liquid alkalis ; nor does it even combine 
with them by fusion ; but it is soluble in alkaline carbonates. In the 
foregoing process, therefore, the carbonate of soda should not be add- 
ed to excess. 

4. Exposed to a strong heat, zircon fuses, assumes a light grey 
colour ; and such hardness, on cooling, as to strike fire with steel, 
and to scratch glass. 

5. Its action on other earths has not been fully investigated. 

6. It is precipitated from its solutions in acids by triple prussiate 
of potash. (Klaproth, ii. 2 1 4.) 

III. The base of zircon, or zirconium, is still unknown to us, 
though investigated by Mr. Davy in the same manner as the base of 
silex. 



SECTION VIII 

Glucine, 

I. This earth was discovered by Vauquelin, in the year 1798. 
He obtained it from the aqua marine or beryl, a precious stone of a 
green colour, and very considerable hardness, which is found crys- 
tallized in Siberia. Glucine has since been detected in the emerald 
of Peru, and in the gadolinite. The following process may be em- 
ployed to separate it from the beryl : 

Let the stone, reduced to a fine powder, be fused with three times 
its weight of pure potash. To the fused mass add a quantity of wa- 
ter, and afterwards diluted muriatic acid ; which last will effect a 
complete solution. Evaporate the solution to dryness, re-dissolve the 
dry mass, and add carbonate of potash so long as any precipitation en- 
sues. Dissolve the precipitate in sulphuric acid, add a little sulphate 
of potash ; and, on evaporation, crystals of alum will be obtained. By 
this process the alumine is detached. The residuary liquor, which 
yields no more crystals, contains the glucine, and a small portion of 
alumine. Add a solution of carbonate of ammonia to excess ; this 
will throw down the alumine, and the glucine will remain dissolved by 
the superabundant carbonate. When this solution is evaporated to 
dryness, and moderately heated, the alkaline carbonate is expelled, 
and a carbonate of glucine remains, in the proportion of 1 6 parts from 
every 100 parts of the stone 
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II. Glucine has the following properties : 

1. It is a fine white and soft powder, resembling alumine in its 
sensible properties ; and, like that earth, adhering to the tongue. 

2. It has no action on blue vegetable colours. 

3. It does not harden, or contract, like alumine, by heat ; and is 
infusible. 

4. It is insoluble in water, but forms with it a ductile paste. 

5. It is soluble in liquid potash and soda, but not in the solution of 
pure ammonia. In these respects it agrees with alumine. 

6. Glucine is soluble in carbonate of ammonia ; a property dis- 
tinguishing it from alumine. 

7. It appears, like alumine, to have an affinity for colouring mat- 
ter. 

8. With the different acids it forms combinations, which have a 
sweet and rather astringent taste. Hence its name has been derived 
from yAtiKu?, signifying sweet. 

9. It is not precipitated by triple prussiate of potash. 

III. We have no knowledge of the base of glucine. When ob- 
tained, its proper denomination will be glucium. 

SECTION IX. 

Yttria, or Ittria. 

I. This earth was discovered in 1794, by Professor Gadolin, in ;» 
stone from Ytterby in Sweden, and its title to the character of a pecu- 
liar earth results, also, on the unquestionable authority of Klaproth 
and Vauquelin, both of whom have made it the subject of experi- 
ment. The following process for obtaining it, is described by Vau- 
quelin in the 36th volume of the Annates de Chitnie, page 150. 

Fuse the pulverized stone (called Gadolinite) in the manner already 
described, with twice its weight of potash ; wash the mass with boiling 
distilled Miater, and filter. The filtered solution, which has a beautiful 
green colour, yields, during evaporation, a black precipitate of oxide 
of manganese. When this has ceased to appear, allow the liquor to 
stand ; decant the clear part, and saturate with nitric acid. Let the 
insoluble part be, also, digested with extremely dilute nitric acid, 
which will take up the soluble earths only, and will leave, undissolv- 
ed, the silex and oxide of iron. Let the two portions be mingled to- 
gether, and evaporated to dryness ; then re-dissolved and filtered : by 
which means any remains of silex and oxide of iron arc separated. 
To obtain the yttria from the nitric solution, it would be sufficient, ii 
no other earth were present, to precipitate it by carbonate of am- 
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monia ; but small portions of lime, and of oxide of manganese, are 
still present along with it. The first is separated by a few drops of 
carbonate of potash ; and the manganese, by the cautious addition of 
hydro-sulphuret of potash. The yttria is then to be precipitated by 
pure ammonia, washed abundantly with water, and dried. It amounts 
to about 35 fier cent, of the stone. 

II. Yttria has the following properties r 

1 . It is perfectly white ; but it is difficult to preserve it free from 
a slight tinge of colour, owing to its contamination with oxide of man- 
ganese. 

2. ft has neither taste nor smell ; and it is smooth to the touch, 
Jike alumine. 

3. It is insoluble in water, and infusible by heat. 

4. It is very ponderous ; its specific gravity being 4.842. 

5. It is not attacked by pure alkalis ; and, in this respect it differs 
from glucine and alumine, both which are abundantly soluble in fixed 
alkalis. 

6. Like glucine, it is soluble in carbonate of ammonia, but five or 
six times less so than that earth ; or, in other words, of equal quan- 
tities of glucine and yttria, the latter requires for solution five or six 
times more of the carbonate of ammonia than the former. 

7. It is soluble in most acids ; and is precipitated by pure alkalis, 
by barytes, and by lime. 

8. From these solutions it is also precipitated by the oxalic acid, 
and by oxalate of ammonia, in a state resembling precipitated muri- 
ate of silver. Prussiate of potash throws it down in small white grains 
passing in a short time to pearl grey ; phosphate of soda in a white 
gelatinous form ; and infusion of galls in brown flocculi. 

9. Yttria, which has been a long time exposed to the action of 
fire, gives out oxygenized muriatic acid, when dissolved in com- 
mon muriatic acid ; thus manifesting one property of a metallic ox- 
ide. (Nicholson's Journal, xviii. 77.) 

III. The base of yttria did not form an object of Mr. Davy's in- 
vestigations. [See note 18 at the end of this vol.] 
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CHAPTER X. 

OF ACIDS IN GENERAL. 

The term acid is assigned to all bodies, that possess one or more 
of the following properties. 

1. The acids have a peculiar taste, which is expressed, in com- 
mon language, by the term sourness. This is very different, as to 
its degree, in different acids. In some it is so intensely strong, that 
they cannot be applied to the tongue without producing pain ; and it 
-characterizes them, even when diluted with several hundred times 
their weight of water. The sourness of others is such only, as to 
render them agreeable to the palate. 

2. The acids redden blue vegetable colours ; and they possess this 
property even when very greatly diluted. Hence blue vegetable in- 
fusions, or papers stained with them, become tests of the presence of 
uncombined acids. A single drop of sulphuric acid is capable of 
reddening a large quantity of water coloured with litmus, or with 
syrup of violets. [See note 1 9 at the end of this vol.] 

3. The acids combine chemically with alkalis, earths, and metal- 
lic oxides ; and totally destroy the peculiar qualities of those bodies. 
Let a few ounce-measures of water be tinged blue with syrup of vio- 
lets ; add a few drops of solution of potash, and the colour will be 
changed to green ; then drop in, very slowly and cautiously, sulphu- 
ric acid much diluted, and the blue colour will be restored. At this 
point, neither the acid nor the alkali is in excess ; or they are said to 
neutralize each other. In this state, therefore one of the most re- 
markable qualities, both of the acid and alkali, is destroyed; and, on 
farther examination, it will be found that all the other characteristics 
of the components are no longer apparent in the compound. 

It is not necessary, however, in order to entitle a body to rank 
among the acids, that it should possess all the qualities which have 
been enumerated. The prussic acid, for example, is neither sour to 
the taste, nor does it redden blue vegetable colours ; but yet, from its 
properties of chemical combination, enumerated under the third head, 
it is arranged among the acids. Other bodies, again, are excluded 
from this class, which possess, partly, the characters of acids. Thus 
sulphuretted hydrogen changes the blue colours of vegetables to red ; 
and combines chemically with alkalis and earths. 

All the acids, which have hitherto been decomposed, agree in con- 
taining oxygen, which has been considered as the general principle of 
acidity. The universality of this inference, however, has been limi- 
ted by Mr Davy's discovery that alkalis, also, have oxygen for one ot 
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their elements. Notwithstanding this limitation, it is of importance 
to have ascertained the fact; because, as will afterwards appear, 
many of the most remarkable qualities of the acids depend on their 
containing oxygen. The peculiar properties of each acid are derived 
from the combustible base, with which the oxygen is united ; and so, 
also, is its denomination. Thus sulphur, when oxygenated, affords 
sulphuric acid ; carbon carbonic acid ; and so of the rest. But the 
same combustible base admits of being combined with different pro- 
portions of oxygen ; and the compounds, thus generated, are distin- 
guished by a very different train of qualities. Sulphur, for example, 
when combined with the full proportion of oxygen, which it is capable 
of uniting with, affords a very dense and corrosive acid called the sul- 
phuric ; when oxygenated in a less degree, it yields a penetrating and 
suffocating gas called the sulphurous acid. By these two terminations, 
the degrees of oxygenation are distinguished. Thus we have the 
phosphoric and phosphorews acids, the nitric and nitrows ; the termi- 
nation ic denoting an acid with its full proportion of oxygen. In some 
cases, a combustible base, which affords an acid when fully oxygen- 
ated, constitutes only an oxide when combined with a less quantity 
of oxygen. Carbon, for example, affords carbonous oxide and car- 
bonic acid, but, so far as is hitherto known, no intermediate product. 
The following table exhibits the compounds, which result from 
the oxygenation of some of the principle combustible bases. 



100 parts of 

1 ST ' 

Carbon . . 

Sulphur . . 



Nitrogen . 

Phosphorus 
Muriatic acid 



{ 



united with 

260 oxygen 

132| 

1 30 oxygen 

92 

227 oxygen 

190 

114 

57 

1 1 4 oxygen 

76 — . 

30 oxygen 



V. 



result. 



> 



carbonic acid, 
carbonous oxide, 
sulphuric acid, 
sulphurous acid, 
nitric acid, 
nitrous acid, 
nitric oxide, 
nitrous oxide, 
phosphoric acid, 
phosphorous acid. 

oxy -muriatic acid. 



The composition of muriatic acid is still unknown. That of flu- 
oric and boracic acids, it will appear from the sequel, has been de- 
termined in this country by Mr. Davy, and in France by Thenard 
and Gay Lussac. But we are not yet fully acquainted with the pro- 
perties of their bases ; nor are we able to assign the proportions in 
which these bases unite with oxygen. 

It is in consequence of the oxygen, which they contain, that sev- 
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eral of the acids are decomposed by inflammable substances, with the 
disengagement of intense heat and light ; or that the acids are (as 
they have been well termed by Dr. Thomson) supporters of com- 
bustion. This property belongs most remarkably to the acids, in 
which oxygen is most weakly combined. Thus the nitric and oxy- 
muriatic acids retain their oxygen so feebly, that many inflammable 
substances, when merely introduced into them at the ordinary tem- 
perature of the atmosphere, take fire and burn with vehemence. 
The oxy-muriatic acid even supports the combustion of many bo- 
dies, which are not inflammable in the atmosphere, such as gold and 
other perfect metals. 

Every acid, with a few exceptions, is capable of uniting with 
each individual of the classes of alkalis, earths, and metallic oxides. 
In these compounds, the separate qualities of the component princi- 
ples are in many instances no longer apparent, and hence they have 
been called neutral salts. In every salt, then, there are present 
two distinct ingredients. The acid, of whatever kind it may be, has 
been denominated, by Lavoisier, the salifying principle ; and the bo- 
dy, with which the acid is combined, whether an alkali, an earth, or 
an oxide of any of the common metals, the salifiable base, or simply 
the base. The salts, formed by an individual acid with all these dif- 
ferent bases, may be considered as a genus or class ; and may be 
distinguished by a generic name, expressive, in part, of their com- 
position. This general name is taken from that of the acid. The 
combination of sulphuric acid, for instance, with any base, is called 
a sulfihat or sulphate ; of phosphoric acid a phosphate ; and so of 
the rest. The name of the individual salt is derived from that of 
the base. Thus we have the sulphat of potash, the sulphat of soda, 
Sec. But sulphiir, phosphorus, and other bodies, it has already been 
observed, are susceptible of different degress or stages of oxygena- 
tion ; and afford, in these different stages, acids which are character- 
ized by a peculiar train of properties. The compounds, also, which 
result from the union of two different acids, having the same com- 
bustible base, with alkalis and earths, are altogether different from 
each other. The salt, for example, which sulphuric acid affords 
with potash, is wholly unlike that which results from the combina- 
tion of sulphurous acid with the same base. It was necessary, 
therefore, to distinguish the compounds of the more oxygenated 
from those of the less oxygenated acid ; and this has been done by 
changing the termination from at or ate to ite. Thus the salts, 
formed with sulphurous and phosphorus acid, are called sulphites 
and phosphites ; as sulphite of potash, phosphite of soda, &c To 
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this rule there is the exception of the compounds of muriatic acid. 
No inferior state of oxygenation being known with respect to this 
acid, its compounds are termed muriates ; and those of the same 
acid with an excess of oxygen, oxygenized muriates, or hyper-oxy- 
genized muriates, or (as is now most usual for the sake of brevity) 
oxy-muriates. 

Hitherto, however, we have considered the compounds of acids 
with their respective bases only in the state of neutral compounds, 
in which neither the acid, nor the base predominates. But we have 
several instances, in which a neutral compound is susceptible of unit- 
ing with an additional quantity of acid or of base, and thus of acquir- 
ing an entirely new set of properties. Common cream of tartar, for 
example, is a salt in which acid properties are rendered apparent by 
its taste and action on vegetable colours, and which requires ten 
times more water for solution than the neutral compound of the same 
acid and base. To distinguish this and other similar salts, the epi- 
thet acidulous was first proposed ; but, for the sake of brevity, it has 
bow become customary to prefix the Latin preposition super. Thus 
we have the sw/jer-tartrate of potash ; the super-sulphate of potash, 
&c. On the contrary, when the base is predominant, we denote the 
deficiency of acid by the preposition sub, as sub-carbonate of potash, 
sub-borate of soda, &c. If it should, hereafter, be proved (which is 
extremely probable) that, consistently with the views of Mr. Dalton, 
bodies unite atom to atom singly, or if either is in excess that it ex- 
ceeds by a ratio to be expressed by some simple multiple of the 
number of its atoms, we may then adopt the nomenclature proposed 
by Dr. Wollaston. Thus he has suggested the terms binoxalate and 
quadroxalate of potash, to denote the compounds of oxalic acid ; the 
proportions in the former being supposed to be two particles of pot- 
ash to two of acid, and in the latter two of potash to four of acid. 

There are a few instances of salts with compound bases ; and in 
cases of this kind it is customary to annex to the generic name those 
of both the bases. Thus, for example, we have the tartrate of pot- 
ash and soda, the phosphate of ammonia and magnesia, or as it is 
sometimes called, ammoniaco-magnesian phosphate. 

In no part of chemistry is the advantage of the new nomenclature 
more strongly experienced, than in the class of neutral salts ; for 
the number of these compounds is susceptible of being multiplied to 
an immense extent. If the knowledge of the name did not lead to 
that of the compound, no powers, of memory would be adequate to 
retain them. But by changing the arbitrary titles, formerly assign- 
ed to them, for names expressive of their composition, we are fur- 
nished with a kind of ait'ficial memory, which renders their recollec- 
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tion perfectly easy. Thus for the terms butter of antimony, sugar of 
lead, and Glauber's salt, are now substituted the more appropriate 
epithets of muriate of antimony, super-acetate of lead, and sulphate 
of soda. 

Of those acids, which are supporters of combustion, a few retain 
the same property even in combination. Nitrate of potash, it is well 
known, enters into active inflammation with charcoal, sulphur, and 
other combustible bodies. This is owing to the quantity of oxygen 
which the nitric acid contains, and which is less strongly attracted 
by the nitrogen than by the newly added body. 

Other properties, general to the class of salts, have already been 
described in the section on cohesion ; especially their solubility, and 
their crystallization. I proceed, therefore, to the history of the dif- 
ferent acids, and of the compounds which they yield with the several 
alkaline and earthy bases. Under each head, I shall first enumer- 
ate the properties of the base of the acid ; and its combinations with 
such other combustible bodies, as may already have been introduced 
to the reader's notice. 



CHAPTER XI. 

«ARBONIC ACID AND ITS BASE. CARBONATES.— BINARY 

COMPOUNDS OF CARBON. 

The bodies, which form the subject of this chapter, will be des- 
eribcd in the following order. 

I. Carbon, and its various modifications. 

II. The compound of carbon and oxygen, in its highest stage of 
oxygenation, constituting carbonic acid ; and, connected with it, 
the class of salts called carbonates. 

III. The oxide of carbon, or oarbonous oxide, a compound 
containing less oxygen than carbonic acid. 

IV. The various combinations of carbon and hydrogen, termed 
garburetted hydrogen. 

SECTION I. 

Carbon and Charcoal. [See note 20 at the end of this vol.] 

It has long been admitted as an established truth, chiefly on the 
evidence of the experiments of Guyton {Annate* de C/iimie, xxxi.") 
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that the diamond is the only form of pure carbon ; and that charcoal 
is a compound of carbon and oxygen, or an oxide of carbon. The 
important experiments of Messrs. Allen and Pepys have suggested, 
however, that the diamond and charcoal, though so widely remote 
from each other in external characters, are, as to their chemical na- 
ture, identically the same ; and that the difference between them, in 
all probability, results merely from the respective states of aggrega- 
tion of their particles. 

Some doubt, it must be confessed, has been thrown on this con- 
clusion by the recent experiments of Mr. Davy, who, by the power- 
ful agency of galvanic electricity, has discovered both in the diamond 
and in charcoal very minute quantities of foreign matter. 

Small pieces of willow charcoal, which had been intensely ignit- 
ed, were subjected by Mr. Davy to the action of a powerful Voltaic 
battery, in a Toricellian vacuum ; every precaution being taken Jo 
exclude moisture, both from the mercury and the charcoal. A 
flame issued from it of a most brilliant purple colour ; and formed, 
as it were, a conducting chain of light of nearly an inch in length. 
At the same time, elastic matter was rapidly formed, some of which 
was permanent, and in the proportion of a cubic inch from eight 
grains of charcoal. It was inflammable when mingled with oxygen 
gas, and gave carbonic acid ; and hence contained both hydrogen and 
carbon. 

Charcoal, heated with potassium, seemed to combine with it ; 
but there was no evidence that the potassium had acquired the small- 
est quantity of oxygen by this treatment ; for it evolved from water 
as much hydrogen gas, as an equal weight of pure potassium. 

This was not the case, however, with the diamond. When heat- 
ed with potassium, it lost somewhat of its weight ; and became cov- 
ered with a greyish crust, which, when separated by washing, ap- 
peared as a fine powder of a black colour. The potassium seemed 
to be in some degree oxidized ; for it gave a diminished product of 
hydrogen gas, when made to act on water. 

From these experiments it appears, that charcoal contains a little 
hydrogen ; and the diamond a very minute proportion of oxygen, 
both however, too trifling to be discovered by any difference in the 
results of their combustion. 

No remarkable effects were obtained by igniting charcoal in- 
tensely in contact with nitrogen gas. Carbonic acid was not formed, 
and all that took place was the evolution of a portion ok carburetted 
hydrogen. 

To obtain charcoal free from contamination, pieces of oak, willow, 
hazle, or other woods, deprived of the bark, may be buried in sand in 
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a crucible, which is to be exposed, covered, to the strongest heat of 
a wind-furnace. 

For purposes of accuracy, charcoal must be used when recently 
prepared, and before it has had time to become cold ; or if it can- 
not be had fresh made, it must be heated again to redness under sand 

in a crucible. 

From 100 parts of each of the following woods, Messrs. Allen 
and Pepys obtained the annexed quantities of charcoal ; viz. from fir, 
18.17; lignum vitae, 17.25; box, 20.25; beech, 15; oak, 17.40; 
mahogany, 15.75. 

Charcoal has the following properties : 

1. In its aggregate state it is black, perfectly insipid, and free 
from smell ; insoluble in water, brittle, and easily pulverized. In 
close vessels, and entirely secured from contact with air, it is un- 
changed by any degree of heat. A gas, however, may be collected 
from it by distillation, which consists of hydrogen and carbon, and 
perhaps a little oxygen. Berthollet has found, also, in the aeri- 
form products of its distillation, a considerable proportion* of nitrogen. 
(Memoires d'Arcucil, ii. 484.) 

2. Charcoal has the singular property of absorbing gases, without 
alteration. Fill a jar with common air, or any other gas, and place 
it over dry mercury : take a piece of charcoal red-hot from the fire, 
and plunge it in the mercury of the bath : when cold, let it be passed 
into the vessel of gas, without bringing it into contact with the at- 
mosphere. A considerable diminution of the gas will be speedily ef- 
fected. 

Count Morozzo has given the following table of the quantities of 
different gases absorbed, in the foregoing manner, by charcoal. In 
each experiment, he employed a piece of that substance 1 inch long 
and 1 of an inch diameter. The receiver containing gas was 12 inch- 
es long and 1 inch diameter. 

Gas absorbed. Inches. 

Nitrous 6f 

Hydrogen 2 T l ? 

Oxygen . 2| 

Sulphurous acid . . . 5-| 

3. From the experiments of Rouppe (Annates de Chijnie, xxxii. 
1), it appears, that if charcoal, which has imbibed oxygen gas, be 
brought into contact with hydrogen gas, water is generated. 

4. Charcoal, by long exposure to the atmosphere, absorbs one 
twentieth of its weight, three fourths of which are water. (Clement 
and Desormes). 



Gas absorbed. 


Inches. 


Atmospheric . . 


. . 3-i 


Carbonic acid . . 


. . 11 


Ammonia 


11 


Muriatic acid 


. 11 


Sulphuric hydrogen 


. 11 
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The charcoal of different woods, Messrs. Allen and Pepys found 
to increase very differently in weight; that from fir gaining, by a 
week's exposure, 13 /ter cent. ; that from lignum vitae, in the same 
lime, 9.6; from box, 14; beech, 16.3; oak, 16.5; mahogany, 18. 
The absorption goes on most rapidly during the first 24 hours ; and 
hy much the largest part of what is absorbed consists of water mere- 

£. Charcoal resists the putrefaction of animal substances. A 
piece of fiesh-meat, which has begun to be tainted, may have its 
sweetness restored by rubbing it daily with powdered charcoal ; and 
may be preserved sweet for some time by burying it in powdered 
charcoal, which is to be renewed daily. Putrid water is also restor- 
ed by the application of the same substance ; and water may be kept 
unchanged at sea, by charring the inner surface of the casks which 
are used to contain it. (Lovitz, Annates de Chimie, xiv.) It produ- 
ces, also, a remarkable effect in destroying the taste, odour, and col- 
our of many vegetable and animal substances. Common vinegar, by 
being boiled'on it, is rendered perfectly limpid. Rum and other va^ 
rieties of ardent spirit, which are distinguished by peculiar colours 
and flavours, lose both by maceration with powdered charcoal. The 
colour of litmus, indigo, and other pigments, dissolved or suspended 
in water, is destryed. Putrid animal fluids, also, are completely de- 
prived of their odour. 

6. Charcoal is a very slow conductor of caloric. The experi- 
ments of Guyton have determined, that caloric is conveyed through 
charcoal more slowly than through sand, in the proportion of three 
to two. Hence powdered charcoal may be advantageously employed 
to surround substances which are to be kept cool in a warm atmos- 
phere ; and also to confine the caloric of heated bodies. 

SECTION II. 

Combustion of Carbon. 

If a small piece of charcoal be exposed red-hot to the common at- 
mospheric air, it exhibits scarcely any signs of combustion, and soon 
becomes cold. But if a similar piece, heated to about 802° Fahren- 
heit or nearly to redness, be introduced into a receiver filled with oxy- 
gen gas, it continues to burn with greatly increased splendour, and 
with bright scintillations. If the charcoal be pure, and its proportion 
rightly adjusted, it is entirely consumed. When the quantity burnt 
is considerable, a manifest production of water takes place, and the 
inner surface of the glass vessel becomes covered with moisture, 
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which disappears, however, on standing. This portion of water owes 
its origin to the union of oxygen with the hydrogen, which, it ap- 
pears from Mr. Davy's experiments, and from the results of its dis- 
tillation, all charcoal contains. 

The diamond, also, which was formerly considered as an incom- 
bustible substance, may be consumed by a sufficiently intense heat, 
even in atmospherical air. The Florentine academicians, in the year 
1694, appear first to have ascertained this fact, by exposing diamonds 
to the focus of a powerful burning lens. Their experiment has been 
repeated by subsequent chemists, with various modifications. It has 
been found by Sir George Mackenzie that diamonds burn,'when expos- 
ed on a muffle, to the temperature of about 14° Wedgwood. In oxy- 
gen gas they are consumed more rapidly, their surface first becom- 
ing black. By effecting their combustion in this way, Guyton thought 
he had determined that the diamond, in an equal weight, contains 
more real carbon than common charcoal. His experiments, howev- 
er, have not been confirmed by those of subsequent chemists. One 
fact, however, has been contributed on this subject by Guyton, which 
is of considerable value. The diamond, he first ascertained, is des- 
troyed when thrown into red-hot and melted nitre ; and this proper- 
ty, it will afterwards appear, has been successfully applied by Mr. 
Tennant to the determination of the nature of the diamond, and oi 
the proportion of ingredients in carbonic acid. 

To collect the products of the combustion of carbon, requires 
rather a complicated apparatus. Lavoisier burnt charcoal in a known 
quantity of oxygen gas, which was confined by mercury, setting fire 
to the charcoal by a bent iron wire heated to redness. (Elements of 
Chemistry, pi. iv. fig. 3.) Messrs. Allen and Pepys collected the 
products of the combustion of charcoal and of the diamond, by burn- 
ing them separately in a platina tube, get horizontally in a charcoal 
furnace, and connected, at each extremity, with a mercurial gazom- 
eter. An idea of this arrangement will best be obtained by imagin- 
ing that to each end of the tube c, fig. 40, the pipe b of a gazometer, 
like that shown, fig. 35, is connected. At the outset of the experi- 
ment, one of the gazometers was filled with a known quantity of the 
purest oxygen gas, and the other was empty. The tube was then 
made red-hot ; and the gas, being forced alternately from one ga- 
zometer to the other, was repeatedly brought into contact with the red- 
hot charcoal or diamond. The volume of the gas was found to be 
entirely unaltered ; but it had received an addition to its weight, pre- 
cisely equal to what the charcoal or diamond, on weighing, was ascer- 
tained to have lost ; and it was partly converted into a gas, totally dif- 
ferent in its properties from oxvgcn gas, and called carbonic acid. 
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It appears, therefore, that oxygen gas, by conversion into carbonic 
acid, undergoes neither expansion nor condensation. 



SECTION III. 

Carbonic Acid. 

From the quantity of charcoal or diamond consumed, and the 
quantity of oxygen converted into carbonic acid, it was easy to infer 
the proportion of carbon and oxygen in the new compound. Reduc- 
ing these to centesimal proportion, for every 28 or 29 grains of the 
combustible base which had disappeared, 100 grains of carbonic acid 
(=about 201 cubic inches) were generated; and it is remarkable 
that these proportions agree exactly with those originally stated by 
Lavoisier. The same quantity of carbonic acid resulted, also, from 
the combustion of between 28 and 29 grains of diamond. Hence it 
may be inferred, that the actual quantity of carbon in equal weights 
of diamond and charcoal is precisely the same ; and that charcoal is 
not, as has hitherto been supposed, an oxide of carbon. If this infer- 
ence required confirmation, it is furnished by its agreement with Mr. 
Tennant's experiments on the combustion of the diamond, published 
in 1797. Two grains and a half of diamond, this philosopher found, 
when consumed in a tube of gold by means of nitre, gave nine grains 
of carbonic acid, which, in 100 parts should contain, therefore, as 
nearly as possible, 28 parts of diamond or carbon. The mean of a 
number of Messrs. Pepys and Allen's experiments gave the follow- 
ing statement of the composition of carbonic acid : 
100 parts by weight > 28.60 carbon 
consist of . . 3 71.40 oxygen. 

100 

It is remarkable, also, that these numbers are precisely those 
which result from the experiments of Clement and Desormes, (fi- 
nales de Chimie, xxxix. 42.) 

In addition to the proofs of the constitution of carbonic acid, de- 
rived from its synthesis, we have also the evidence of its analysis, 
which may be effected by several processes. 

1. By passing a succession of electrical discharges through a quan- 
tity of carbonic acid gas confined over mercury, I have found that the 
gas is separated into oxygen, and a gas called carbonous oxide, which 
consists of oxygen united with a larger proportion of carbon, th«n ex- 
ists in carbonic acid. When the carbonic acid, which escapes de- 
composition, is washed out by solution of potash, an electric spark 
inflames the residuary mixture ; the oxygen and carbonous oxide 
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again uniting, and re-composing carbonic acid. (Philosophical 
Transactions, 1809, page 448.) 

2. When a mixture of carbonic acid and hydrogen gases is elec- 
trified, the hydrogen combines with part of the oxygen in the acid, 
and reduces it to the state of carbonous oxide. 

3. When potassium is heated in carbonic acid gas, Mr. Davy has 
found that it inflames ; part of it is oxidated at the expense of the 
acid ; and part of it unites with the charcoal, which is precipitated. 

4. By simply heating phosphorus in carbonic acid gas, no step is 
made towards the decomposition of the latter. But by applying 
phosphorus to some of the combinations of carbonic acid, the phos- 
phorus is oxygenated, and carbon appears in a separate form. The 
original discovery of this fact is due to Mr. Tennant (Philosophical 
Transactions, 1791, page 182), and the details of the experiment have 
been ably followed up by Dr. Pearson (Philosophical Transactions, 
1792, page 289). 

To exhibit this fact, provide a tube of very thin glass about one 
third of an inch wide, and 18 or 20 inches long, sealed at one end. 
Coat it, within about an inch of the sealed extremity, with a lute of 
sand and clay ; and when this is dry, put into it as much purified 
phosphorus, in small pieces, as will fill the uncoated part. Then 
cover the phosphorus with carbonate of lime, or carbonate of soda 
which has been deprived of its water of crystallization. Let the part 
of the tube, which contains the carbonate, be made red-hot by means 
of a portable furnace ; and, at this moment, apply heat to the part 
containing the phosphorus, sufficient to melt and raise it into vapour. 
The vapour of the phosphorus, coming into contact with the red-hot 
carbonate, will decompose the carbonic acid ; and charcoal will be 
found in the residue of the process, in the form of a very light and 
black powder. 

To procure carbonic acid, sufficiently pure for the exhibition of 
its properties, the combustion of charcoal is far from being the best 
process. The student may, therefore, have recourse to another, the 
rationale of which he will not, at present, understand ; but which will 
be explained afterwards. Into a common gas bottle, put a little pow- 
dered marble or chalk, and pour on this sulphuric acid, diluted with 
five or six times its weight of water. A gas will be produced, which 
those, who have an opportunity, may receive over mercury ; but a 
mercurial apparatus is not absolutely essential, since the gas may be 
collected over water, if used immediately when procured. Carbo- 
nic acid may, also, be separated by heat alone, from carbonate of 
lime. For this purpose, coarsely powdered chalk or marble may be 
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put into the iron vessel a, fig. 85, which may be connected, by means 
of the conducting pipe b, with a gazometer. The receiving cylinder 
of the latter, after a sufficiently long continuai.ee of heat to the bottle 
«, will be filled with carbonic acid gas. Its properties are the fol- 
lowing : 

(a) It extinguishes flame. — Set a vessel, filled with the gas, with 
its mouth upwards, and let down a lighted candle. The candle will 
instantly be extinguished. 

A person, says Dr. Priestley, who is quite a stranger to the pro- 
perties of this kind of gas, will be agreeably amused with extinguish- 
ing lighted candles, or blazing chips of 'Wood, on its surface. For 
the smoke readily unites with this kind of air ; so that little or none 
of it escapes into the atmosphere. It is remarkable, that the upper 
surface of this smoke, floating in the fixed air, is smooth and well de- 
fined ; whereas the lower surface is exceedingly ragged, several 
parts hanging down to a considerable distance within the body of the 
carbonic acid, and sometimes in the form of balls, connected to the up- 
per stratum by slender threads, as if they were suspended. The 
smoke is also apt to form itself into broad flakes, exactly like clouds. 
Making an agitation in this air, the surface of it (which still contin- 
ues exactly defined) is thrown into the form of waves ; and if, by this 
agitation, any of the carbonic acid be thrown over the sides of the ves- 
sel, the smoke, which is mixed with it, will fall to the ground, as if it 
was so much water. 

(b) It is fatal to animals. — Put a mouse, or other small animal, 
into a vessel of the gas, and cover the vessel, to prevent the contact 
of common air. The animal will die in the course of a minute or 
two. 

By means of this gas, butterflies and other insects, the colours of 
which it is desirable to preserve, for the purpose of cabinet specimens, 
may be suffocated better than by the common mode of killing them 
with the fumes of sulphur. 

(c) This gas is heavier than common air.— -According to Mr. Da- 
vy, 100 cubic inches, at 55° Fahrenheit, and 30 inches of the barome- 
ter, weigh 47.5 grains ; and at 60°, with the same pressure, would 
weigh 47.11. Messrs. Allen and Pepys have lately determined that 
100 cubic inches, at 60° Fahrenheit, and 30 inches barometer, weigh 
47.26 grains. Its specific gravity, according to Biot and Arajo, is 
1.5196 ; and hence, if 100 cubic inches of atmospheric air weigh 31 
grains, the same bulk Of carbonic acid gas should weigh 47. 1 grains. 

To show the superior specific gravity of this gas in a general way, 
the following experiment will be sufficient. Let a long glass tube, 
proceeding from a gas bottle containing powdered marble and dilute 
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sulphuric acid, be twice bent at right angles ; let the open end of the 
longer leg reach the bottom of a glass jar, perfectly dry within, and 
standing with its mouth uppermost. The carbonic acid will expel 
the common air from the jar, because it is heavier.— -This superior 
gravity may be farther shown as follows : When the jar is perfectly 
filled with the gas (which may be known by a lighted candle being 
instantly extinguished when let down into it), take another jar of rath- 
er smaller size, and place at the bottom of it a lighted taper, support- 
ed by a stand : then pour the contents of the first-mentioned jar into 
the second, as if you were pouring in water. The candle will be in- 
stantly extinguished, as effectually as if it had been immersed in wa- 
ter. 

It is owing to its superior gravity, that carbonic acid gas is often 
found at the bottom of deep wells and of mines, the upper part of 
which is entirely free from it. Hence the precaution, used by the 
sinkers of wells, of letting down a candle before they venture to de- 
scend in person. 

(d) Carbonic acid gas is absorbed by water. — Fill partly a jar with 
this gas, and let it stand a few hours over water. An absorption will 
gradually go on, till at last none will remain. This absorption is in- 
finitely quicker when agitation is used. Repeat the above experi- 
ment, with this difference, that the jar must be shaken strongly. A 
very rapid diminution will now take place. In this manner water 
may be changed with rather more than its own bulk of carbonic acid 
gas ; and it acquires, when thus saturated, a very brisk and pleasant 
taste. This impregnation is most commodiously effected by an ap- 
paratus, sold in the glass shops, under the name of Nooth's machine. 

The influence of pressure, in occasioning water to absorb a larger 
quantity of carbonic acid, may be illustrated by an apparatus, which I 
have described in the Philosophical Transactions for 1 803, but which 
cannot be understood without the engraving that accompanies it. 
From a long series of experiments with this apparatus, I have deduc- 
ed, as a general law, that water takes up the same volume of com- 
pressed carbonic acid gas, as of gas under ordinary pressure. And 
since the space, occupied by any gas, is inversely as the compressing 
force, it follows that the quantity of gas, forced into water, is directly 
as the pressure. Thus, if water, under common circumstances, takes 
up an equal bulk of carbonic acid, under the pressure of two atmos- 
pheres, it will absorb twice its bulk ; under three atmospheres three 
times its bulk, and so on. 

(<*) From water, thus impregnated, carbonic acid is again set at 
liberty, on boiling the water, or by exposing it under the receiver of 
an air-pump. — During exhaustion, the gas will escape so rapidly, as 
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to present the appearance of ebullition ; and will be much more re- 
markable than the discharge of air from a jar full of common spring 
water, confined, at the same time, under the receiver, as a standard 
of comparison. 

(/) Carbonic acid is expelled from water by freezing. — If the 
impregnated water be rapidly congealed, by surrounding it with a 
mixture of snow and salt, the frozen water has more the appearance 
of snow than of ice, its bulk being prodigiously increased by the im- 
mense number of air bubbles. When water, thus congealed, is li- 
quefied again, it is found, by its taste, and other properties, to have 
lost nearly the whole of its carbonic acid. 

(£•) Carbonic acid gas, ivhen combined with water, reddens vege- 
table blue colours. — This may be shown by dipping into water, thus 
impregnated, a bit of litmus paper, or by mixing, with a portion of it, 
about an equal bulk of the infusion of litmus. This fact establishes 
the title of the gas to be ranked among acids. When an infusion of 
litmus, which has been thus reddened, is either heated, or exposed to 
the air, its blue colour is restored, in consequence of the escape of the 
carbonic acid. This is a marked ground of distinction from most 
other acids, the effect of which is permanent, even after boiling. 

(h) Carbonic acid gas precipitates lime water. — This character of 
the gas is necessary to be known, because it affords a rea^'y test of 
the presence of carbonic acid whenever it is suspected. Pass the 
gas, as it proceeds from the materials, through a portion of lime wa- 
ter. This, though perfectly transparent before, will instantly grow 
milky : — Or, mix equal measures of water saturated with carbonic 
acid and lime water. The same precipitation will ensue. By means 
of lime water, the whole of any quantity of carbonic acid existing in a 
mixture oi gases, may be entirely removed. 

(i) By the application of the test (h), it will be found, that car- 
bonic acid is generated in several cases of combustion. — 1. Let the 
chimney of a small portable furnace, in which charcoal is burning, 
terminate, at a distance sufficiently remote to allow of its being kept 
cool, in the bottom of a barrel provided with a moveable top, or of a 
large glass vessel having two openings. A small jar of lime water 
being let down into the tub or vessel, and agitated, the lime water 
will immediately become milky. The gas will also extinguish burn- 
ing bodies, and prove fatal to animals that are confined in it. Hence 
the danger of exposure to the fumes of charcoal, which, in several 
instances, have been known to be fatal. These fumes consist of a 
mixture of carbonic acid and nitrogen gases, with a very small pro- 
portion of oxygen gas. 2. Fill the pneumato-chemical trough with 
lime water, and burn a candle, in a jar filled with atmospheric air 
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over the lime water till the flame is extinguished. On agitating the 
jar, the lime water will become milky. The same appearance will 
take place, more speedily and remarkably, if oxygen gas be substi- 
tuted for common air.' The carbonic acid, thus formed during com- 
bustion, by its admixture with the residuary air, renders it more un- 
fit for supporting flame, than it otherwise would be from the mere 
loss of oxygen. Hence, if a candle be burnt in oxygen gas, it is ex- 
tinguished long before the oxygen is totally absorbed, because the 
admixture of carbonic acid with oxygen gas, in considerable propor- 
tion, unfits it for supporting combustion. Whenever any substance, 
by combustion in oxygen gas or common air over lime water, gives 
a precipitate, soluble with effervescence in muriatic acid, we may 
confidently infer that it contains carbon. 

(£) The respiration of animals is another source of carbonic 
acid. — On confining an animal, in a given portion of atmospheric air, 
over lime water, this production of carbonic acid is evinced by a pre- 
cipitation. The same effect is also produced more remarkably in 
oxygen gas. The production of carbonic acid, by respiration, may 
be proved, also, by blowing the air from the lungs, with the aid of a 
quill, through lime water, which will immediately grow milky. 
The carbonic acid, thus added to the air, unfits it for supporting life, 
not merely by diminishing the proportion of oxygen gas, but appa- 
rently by exerting a positively noxious effect. Hence a given quanti- 
ty of air will support an animal much longer, when the carbonic acid 
is removed as fast as it is formed, than when suffered to remain in a 
state of mixture. It has been found, that an atmosphere, consisting 
of oxygen gas and carbonic acid, is fatal to animals, though it should 
contain a larger proportion of oxygen than the air we commonly 
breathe. 

(/) Carbonic acid retards the putrefaction of animal substances. 
— This may be proved, by supending two equal pieces of flesh 
meat, the one in common air, the other in carbonic acid gas, or in a 
vessel through which a stream of carbonic acid is constantly passing. 
The latter will be preserved untainted some time after the other has 
begun to putrefy. 

(w) Carbonic acid gas exerts power ul effects on living vegeta- 
bles. — These effects, however, vary according to the mode of its ap- 
plication. 

Water, saturated with this gas, proves highly nutritive, when ap- 
plied to the roots of plants. The carbonic acid is decomposed, its 
carbon forming a component part of the vegetable, and its oxygen 
being liberated in a gaseous form. 

On the contrary, carbonic acid, applied as an atmosphere, by con^ 
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fining a living vegetable in the undiluted gas over water, is injurious 
to the health of the plant, especially in the shade. M. Saussure, jun. 
found, that a proportion of carbonic acid in common air, greater than 
one eighth, is always injurious to vegetation ; but that in this propor- 
tion it promotes the growth of plants, and is manifestly decomposed. 
Carbonic acid is susceptible of combination with alkalis, earths, 
and metals, and forms an order of compounds, termed carbonates. 
At preseut, however, we shall only attend to the results of its union, 
with alkalis, and earths. In the compounds of carbonic acid with 
these bases, and especially with the alkalis, the qualities of the base 
still predominate. The alkaline carbonates, for example, retain the 
taste, though in aless degree, which characterizes their bases ; and 
change blue vegetable colours to green. Ammonia, also, preserves 
in a great measure its odour and volatility. By combination with 
the earths, however, carbonic acid produces a more perfect neutrali- 
zation of their properties. 

SECTION IV. 

Carbonates. 
Art. 1. — Sub-carbonate, and Carbonate of Potash. 

(a) Carbonic acid gas is very abundantly absorbed by a solution 
tf pure potash. — The simplest mode of showing this fact is the fol- 
lowing : Fill a common phial with carbonic acid gas over water ; 
and, when full, stop it by applying the thumb. Then invert the bot- 
tle in a solution of pure potash, contained in a cup, and rather ex- 
ceeding in quantity what is sufficient to fill the bottle. The solution 
will rise into the bottle, and, if the gas be pure, will fill it entirely. 
Pour out the alkaline liquor, fill the bottle with water, and again dis- 
place it by the gas. Proceed as before, and repeat the process sever- 
al times. It will be found, that the solution will condense many 
times its bulk of the gas ; whereas water combines only with its own 
volume. 

This experiment may be made, in a much more striking manner, 
over mercury, by passing into a jar, about three fourths filled with 
this gas, a comparatively small bulk of a solution of pure potash, 
which will condense the whole of the gas. If dry potash be substi- 
tuted in this experiment, no change will ensue ; which proves, that 
solution is essential to the action of alkalis on this gas. 

(6) The changes effected in the alkali may next be examined. — 
It will be found, after having absorbed as much carbonic acid as it is ca- 
pable of condensing, to have lost much of its corrosive and penetrating 
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taste, and will no longer destroy the texture of woollen cloth ; but it 
still turns to green the blue infusion of vegetables. BefcH e its absorp- 
tion of this gas, no remarkable change ensued on mixing it with dilut- 
ed sulphuric acid ; but if this, or almost any other acid, be now add- 
ed, a violent effervescence will ensue, arising from the escape of the 
gas that had been previously absorbed. If the mixture be made in 
a gas bottle, Ihe gas, that is evolved, may be collected, and will be 
found to exhibit every character of carbonic acid. 

For experimental purposes, sub-carbonic of potash may be obtain- 
ed from crytals of tartar (acidulous tartrate of potash) calcined in a 
crucible ; then lixiviated with water ; and evaporated to dryness. By 
this treatment, the salt yields about one third its weight of sub-carbo- 
nate. Or it may be mixed with about an eighth of purified nitrate of 
potash, and wrapped up in paper in the form of cones, which may be 
placed on an iron dish, and set on fire. The residuary mass is to be 
lixiviated, and evaporated as before directed. Or purified nitrate of 
potash may be mixed with a fourth of its weight of powdered char- 
coal, and projected into a red-hot crucible, the contents of which are 
to be poured, when in fusion, into an iron dish. The sub-carbonate, 
thus obtained, amounts to rather less than one half the nitre which has 
been employed. Even when thus prepared, it is apt to contain some 
impurities, consisting chiefly of a minute proportion of sulphate and 
"muriate of potash, from which it is extremely difficult entirely to free 
it. 

(c) In this state of sub-saturation with carbonic acid, potash gen- 
erally occurs in the arts. The potash and pcarlash of commerce, are 
sub-carbonates of potash, of different degrees of purity. The quanti- 
ty of carbonic acid, contained in these alkalis, may be learned by a very 
simple experiment. Put one or two hundred grains of the alkali into 
a Florence flask, and add a few ounce-measures of water. Take al- 
so a phial filled with dilute sulphuric acid, and place this, as well as 
the flask, in one scale. Balance the two, by putting weights into the 
opposite scale ; and, when the equilibrium is attained, pour gradu- 
ally the acid into the flask of alkali, till an effervescence no longer 
ensues. When this has ceased, the scale containing the weights will 
be found to preponderate. This shows that the alkali, by combination 
with an acid, loses considerably of its weight ; and the exact amount 
of the loss may be ascertained, by adding weights to the scale con- 
taining the flask and phial, till the balance is restored. 

(<•/) As it is sometimes of importance to know what proportion of 
real alkali a given weight of potash or pearlash contains, it may be 
proper to point out how this information may be acquired. The 
strength of the alkali is in proportion to the quantity of any acid re- 
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quired to saturate it. Thus, if an ounce of one kind of potash re- 
quires, for saturation, a given quantity of' sulphuric acid, and an 
ounce of another kind requires twice that quantity, the latter is twice 
as strong as the former. In order, however, to obtain a sufficiently 
accurate standard of comparison, it will be necessary to employ, con- 
stantly, an acid of the same strength. This may be effected, though 
not with absolute uniformity, yet suffieint for ordinary purposes, 
by diluting the common oil of vitriol of commerce to the same degree. 
For example, let the standard acid consist of one part of sulphuric 
acid and five of water. The strength of an alkali will be learned, by 
observing what quantity of this acid a given quantity of alkali requires 
for saturation. For this purpose, put half an ounce of the alkali, or 
any other definite weight, into a jar with a few ounces of water, and 
filter the solution ; weigh the dilute acid employed, before adding it 
to the alkali ; then pour it in gradually, till the effervescence ceases, 
and till the colour of litmus paper, which has been reddened with vin- 
egar, ceases to be restored to blue. When this happens, the point of 
saturation will be attained. Weigh the bottle, to ascertain how much 
acid has been added, and the loss of weight will indicate the strength 
of the alkali. Another less accurate mode of determining the strength 
is founded on the following property of carbonate of potash. 

(e) Sub-carbonate of potash dissolves -very readily in water, 
which, at the ordinary temperature, takes up more than its own 
weight. — Hence, when an alkali, which should consist almost entirely 
of sub-carbonate of potash, is adulterated, as very often happens, with 
substances of little solubility, the fraud may be detected by trying 
how much of one ounce will dissolve in two or three ounce-measures 
of water. In this way I have detected an adulteration of one third. 
There are certain substances of ready solubility, however, which may 
be used in adulterating ashes, as common salt for example ; and, 
when this is done, we must have recource to the above-mentioned 
test for the means of discovery. 

(/) Sub-carbonate of potash, when exposed to the atmosphere, 
attracts so much moisture, as to pass to a liquid state. This change 
is termed deliquescence. 

Qf) When submitted, in a crucible, to a high temperature, a part 
only of its carbonic acid is expelled. The alkali runs into fusion, and 
the fused mass still effervesces on the addition of an acid. 

Carbonate of Potash. 
Carbonate of potash, in the states which have been already de. 
scribed, is far from being completely saturated with acid. This suf- 
ficiently appears from its strongly alkaline taste. It may be much 



SECT. IV. CARBONATES. 225 

more highly charged with carbonic acid, by exposing a solution of 
one part of the sub-carbonate in three of water to streams of carbonic 
acid gas, in a Nooth's machine, or other apparatus ; or by the process 
to be described in art. 3, g. When a solution of alkali, after this 
treatment, is very slowly evaporated, it forms regular crystals. In 
this state the alkali constitutes the crystallized carbonate of potash, 
which contains per cent., according to Pelktit;r, 40 parts of potash, 
43 of acid, and 17 of water. It has, thcrelore, a much larger pro- 
portion of water and of acid than the common sub-carbonate, 100 
parts of which are composed of 70 parts of alkali, 23 of acid, and 5 
of water. According to Dr. Wollaston (Philosophical Transactions, 
1808) the quantity of acid in the carbonate is exactly double that in 
the sub-carbonate. This he proves by disengaging the carbonic acid, 
from each, by a stronger acid, such as the sulphuric. One part of 
the carbonate, thus treated, is found to give twice as much carbonic 
acid as the sub-salt. 

In these conclusions of Dr. V/ollaston, Bertholiet for the most 
part coincides. (Memoires d' Arcueil, ii. 470.) According to the 
proportions which he has given, 500 grains of crystallized carbonate 
of potash are deprived, by the action of dilute sulphuric acid, cf 189 
grains of carbonic acid. But 1000 grains of the same salt, reduced 
to sub-carbonate, by calcination in a heat below redness, lose, on add- 
ing sulphuric acid, as nearly as possible, the same quantity, viz. 190 
grains. Between these two extremes, however, Bertholiet contends 
that there exist carbonates with intermediate proportions, which are 
susceptible of crytallization. 

The carbonate of potash differs from the sub-carbonate in 
the following particulars. 

1. In the greater mildness of its taste. Though still alkaline, yet 
it may be applied to the tongue, or taken into the stomach, without 
exciting any of that burning sensation, which is occasioned by the 
sub-carbonate. 

2. It is unchanged by exposure to the atmosphere. 

3. It assumes the shape of regular crystals. The form of these 
crystals is a four-sided prism, with dihedral triangular summits, the 
facets of which correspond with the solid angles of the prism. 

4. It requires, for solution, four times its weight of water at 60° ; 
and, while dissolving, absorbs caloric. Boiling water dissolves five 
sixths of its weight ; but, during this solution, the salt is partly de- 
composed, as is manifested by the escape of carbonic acid gas. The 
quantity thus separated amounts, according to Bertholiet, to about 
T ^th the weight of the salt. 

Vol. I. 2 9 



226 



CARBONATE OF SODA- CHAP. XI. 



5. By calcination in a low red-heat, the portion of carbonic acid, 
which imparts to this salt its characteristic properties, is expelled, 
and the salt returns to the state of a sub-carbonate. 

(£) Carbonate of potash, in all its forms, is decomposed by the 
stronger acids ; as the sulphuric, nitric, and muriatic, which unite 
with the alkaii, and set the gas at liberty. 

This may he shown by pouring, on the carbonate contained in a 
gas bottle, any of the acids, and collecting the gas by a proper appa- 
i atus. 

Art. 2. — -Carbonate of Soda. ["See note 2 1 at the end of this vol .J 
The combination of carbonic acid with soda, like that of the same 
acid with potash, exists in two very different states, viz. in those of a 
sub -carbonate, and of perfectly saturated carbonate. 1. The sub- 
stance, generally met with in the shops, under the name of soda, af- 
fords an example of the sub-carbonate. This salt continues dry 
when exposed to the atmosphere, and even gives up a part of its wa- 
ter of crystallization, the crystals losing their transparency and some- 
thing of their weight. They have the form of decahedrons, which 
are composed of two four-sided pyramids, applied base to base, and 
having their apices truncated. They frequently, also, present large 
transparent flat rhomboidal prisms. Water, of the temperature of 
60°, takes up half its weight ; and boiling water rather more than its 
own weight. In 100 parts, this salt contains, according to Bergman, 
1 6 carbonic acid, 20 soda, and 64 water. 

The carbonate of soda may be formed either by the process de- 
scribed in the foregoing article, A, or by that which will be given in 
the following article, g. It is with considerable difficulty brought to 
crystallize, and affords generally a shapeless mass. Its taste is con- 
siderably milder than that of the sub-carbonate of soda, and even than 
that of neutral carbonate of potash. In 100 parts, it contains, ac- 
cording to Klaproth, 39 acid, 33 soda, 23 water. 

In its relation to carbonic acid, Berthollet has observed that soda 
follows a similar law to potash, the carbonate containing twice the 
quantity of acid which exists in the sub-carbonate. The former, 
however, retains its acid more strongly than the similar salt with base 
of potash, and is less easily changed into sub-carbonate by heat. 
One hundred parts of soda are neutralized by 132| carbonic acid.* 

Art. 3. — Sub -carbonate ayid Carbonate of Ammonia. 
Ammonia, in its pure state, exists in the form of a gas, perma- 
nent over mercury only : and carbonic acid has, also, the form of an 

* Annaies ds C/iiviie, lxv. 31 S. 
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aerial fluid. But, when these two gases are mixed together over 
mercury in proper proportions (viz. one measure of carbonic acid to 
two or three of alkaline gas), they both quit the state of gas, and are 
entirely condensed into a white solid body. The compound thus 
forned, it appears from the recent experiments of Gay Lussac,is the 
sub-carbonate of ammonia ; for the two gases, he finds, cannot by 
simple mixture, be made to unite in the proportions necessary to neu- 
tralize each other. To effect this, it is necessary to expose a solu- 
tion of ammonia in water to carbonic acid gas, in which case the af- 
finity of the water concurs in overcoming the elasticity of the acid 
gas. 

Those persons who are not possessed of a mercurial trough, may 
compose the sub-carbonate of ammonia, in the following manner : — 
Provide a globular receiver, having two open necks opposite each 
other. Into one of these introduce the neck of a retort, containing 
carbonate of lime and dilute sulphuric acid, from which a constant 
stream of carbonic acid will issue. The inner surface of the globe 
will remain perfectly unclouded. Into the opposite opening, let the 
mouth of a retort be introduced, containing the materials for amnioni- 
acal gas. (Chup. vii* sect. 2.) The inner surface of the globe will 
now be covered with a dense crust of carbonate of ammonia. 

1 he sub-carbonate of ammonia may also be formed, by passing, 
into a jar three fourths filled with carbonic acid over mercury, a solu- 
tion of pure ammonia, which will instantly effect an absorption of the 
gas. The ordinary mode of producing it for useful purposes will be 
described hereafter. 

(b) Sub-carbonate of ammonia retains, in a considerable degree, 
the pungent smell of the pure volatile alkali. It is, also, unlike the 
other sub-carbonates, volatilized by a very moderate heat, and evap- 
orates without entering previously into a liquid state. The vapom 
that arises may be again condensed in a solid state ; affording an ex- 
ample of sublimation. This may be shown, by applying heat to the 
sub-carbonate of ammonia in a retort, to which a receiver is adapted. 
The sub-carbonate will rise, and be condensed in the receiver in the 
form of a white crust. 

(c) This sub-carbonate does not attract moisture from the air, 
but, on the contrary, loses weight. 

(d) Sub-carbonate of ammonia, like those of potash and soda, con- 
verts vegetable blue colour* to green, as the pure alkalis do. 

(<?) It is soluble in rather less than twice its weight of cold water, 
or in an equal weight of boiling water. At the latter temperature 
however, it is partly decomposed, and a violent effervescence ensues. 

(J ) In composition it varies considerably, according to the tern- 
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perature in which it has been formed. Thus, sub-carbonate of ammo- 
nia, which has been produced in a temperature of 300° Fahrenheit, 
contains 50 fier cent, of alkali ; while carbonate formed at 60° con- 
tains only 20/isr cent. By Gay Lussac (Memoirn tf' Jrcueil, ii. 2 1 4), 
the sub-carbonate of ammonia is said to consist of 

Ammonia . 43.98 

Carbonic acid 56.02 
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(g - ) It is decomposed by pure potash and pure soda ; and by the sub- 
carbonates of those alkalis, which attract its carbonic acid, and expel 
the alkali. Hence it has been recommended, by Berthollet, to em- 
ploy this salt for the full saturation of potash with carbonic acid, 
which may be accomplished by the following process. 

Tj a fiiteied solution of four pounds of pearlash in four quarts of 
water, add one pound of carbonate of ammonia, reduced to powder ; 
and stir the mixture at intervals, tiil the carbonate of ammonia is en- 
tirely dissolved. Filter the liquor, and put it into a retort, which may 
be set in a sand-bath, and be connected with a receiver. A very 
gentle heat is to be applied ; so as to distil off about half a pint of the 
liquor, which will consist of a solution of carbonate of ammonia in wa- 
ter. The liquor in the retort may cither be allowed to cool in it, or 
be transferred into a flat evaporating dish of Wedgwood's ware. 
When cold, crystals of the carbonate of potash will probably be form- 
ed ; otherwise another portion must be distilled off, and this must be 
repeated till the crystals appear ; separate the first crystals that are 
formed : and, on repeating the distillation and cooling, fresh sets will 
appear in succession. A considerable portion of the solution, howev- 
er, will refuse to crystallize. This may be boiled to dryness, and ap- 
plied to the purposes of sub-carbonate of potash. The crystals of 
carbonate of potash may be washed with a small quantity of cold wa- 
ter, and dried on blotting paper ; or, if they arc required of great pu- 
rity, they may be dissolved in cold water, and re-crystallized, using 
the gentlest heat possible, in evaporating the solution. 

The neutral carbonate of ammonia was formed by Ber- 
thollet, by impregnating a solution of sub-carbonate with carbonic 
acid gas. According to his experiments, it is composed of 
28.19 ammonia, 
71.81 carbonic acid. 
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From the known specific gravity of those two bodies, Gay Lus- 
sac has calculated that the neutral carbonate consists of exactly equal 
quantities by measure of the two gases. 
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Art. 4. — Carbonate of Barytes. 
I. Pure barytes has a very powerful affinity for carbonic acid. 

1. Let a solution of pure barytes be exposed to the atmosphere. 
It will soon be covered with a thin white pellicle ; which, when bro- 
ken, will fall to the bottom of the vessel, and be succeeded by anoth- 
er. This may be continued, till the whole of the barytes is separat- 
ed. The effect arises from the absorption of carbonic acid, which 
is always diffused through the atmosphere, and which forms with ba- 
rytes a substance, viz. carbonate of barytes, much less soluble than 
the pure earth. 

2. Blow the air from the lungs, by means of a quill, a tobacco 
pipe, or glass tube, through a solution of barytes. The solution will 
immediately become milky, for the same reason as before. 

3. With a solution of pure barytes, mingle a little water, impreg- 
nated with carbonic acid. An immediate precipitation of carbonate 
of barytes will ensue. 

4. Barytes has so strong an affinity for carbonic acid, as even to 
take it from other bodies. To a solution of a small portion of carbo- 
nate of potash, of soda, or of ammonia, add the solution of barytes. 
The barytes will separate the carbonic acid from the alkali, and will 
fall down in the state of a carbonate. By adding a sufficient quantity 
of a solution of barytes in hot water, the whole of the carbonic acid 
may thus be taken from a carbonated alkali ; and the alkali will re- 
main perfectly pure. 

II. — 1. Carbonate of barytes is nearly insoluble in water, which, 
at 60°, does not take up more than -^-^ part, or when boiling, about 
siotf' Water impregnated with carbonic acid dissolves a considera- 
bly larger proportion. 

2. Carbonate of barytes is perfectly tasteless, and does not alter 
vegetable blue colours. It acts as a violent poison. 

3. The combination of carbonic acid with barytes may either be 
formed artificially, as in the manner already described, and by other 
processes, to be detailed in the sequel, in which case it is termed, 
the artificial carbonate : or it may be procured, ready formed, from 
the earth, and is then called the native carbonate. It is not, howev- 
er, a very common production of nature. The largest quantity, hith-t 
erto discovered, is in a mine, now no longer worked, at Anglezark, 
near Chorley, in Lancashire. 

4. The native and artificial carbonates differ in the proportion of 
their components. The former contains, in 100 parts, 20 acid and 
80 barytes. The artificial, according to Pelletier, consists of 22 acid, 
62 earth, and 1 6 water. Strictly speaking they are both sub-carbo- 
nates ; but as wc are unacquainted with any other compound of bary- 
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tes and carbonic acid, they may be allowed to retain the accustomed 
name of carbonate. The latest analysis of this compound by Mr. 
Aikin and Mr. James Thomson,* fix its composition as follows : 

Card. acid. Barytes. 
From Mr. Aikin's experiments . . 21.67 78.33 
Mr. Thomson's 21.75 78.25 

5. Carbonate of barytes is decomposed by an intense heat ; its 
carbonic acid being expelled ; and the barytes remaining pure. The 
artificial carbonate is most readily decomposed ; but the native one is 
generally employed for obtaining pure barytes, because it may be had 
in considerable quantity. The process, which I have found to an- 
swer best, is nearly that of Pelletier. Let the native carbonate be 
powdered, and passed through a fine sieve. Work it up with about 
an equal bulk of wheaten flour into a ball, adding a sufficient quantity 
of water. Fill a crucible of proper size, about one third its height, 
with powdered charcoal ; place the ball on this ; and surround and 
cover it with the same powder, so as to prevent its coming into con- 
tact with the sides of the crucible. Lute on a cover ; and expose it, 
for two hours, to the most violent heat that can be raised in a wind 
furnace. Let the ball be removed when cold. On the addition of 
water, it will evolve great heat, as already described (chap, viii.), and 
the barytes will be dissolved. The filtered solution) on cooling, will 
shoot into beautiful crystals. 

6. Carbonate of barytes is decomposed by the sulphuric, nitric, 
muriatic, and various other acids, which detach the carbonic acid, 
and combine with the earth. 

Art. 5. — Carbonate of Strontites. 

The relation of strontites to carbonic acid resembles, very closely, 
that of barytes ; and all the experiments, directed to be made with 
the solution of the latter earth, may be repeated with that of stron- 
tites, which will exhibit similar appearances. 

The carbonate of strontites requires for solution 1536 parts of 
boiling water. It is found native at Strontian in Argyleshire ; and 
may, also, be prepared by artificial processes, which will be after- 
wards described. From this carbonate pure strontites may be pre- 
pared, by treating it in the same manner as was directed for the cal- 
cination of carbona'.c of barytes. 

Art. 6. — Carbonate of Lime. 
1. Lime has a strong attraction for carbonic acid, but not when 
perfectly dry. 

* Nicholson's Journal, xxiL xxiii. 
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(a) If a piece of dry quicklime be passed into a jar of carbonic 
acid gas over mercury, no absorption ensues. But invert a bottle, 
filled with carbonic acid gas, over a mixture of lime and water of the 
consistence of cream, and a rapid absorption will be observed, espe- 
cially if the bottle be agitated. 

(b) Let a jar or bottle, filled with carbonic acid, be brought over 
a vessel of lime water. On agitatirg the vessel, a rapid diminution 
will ensue, and the lime water will become milky. 

(c) Leave a shallow vessel of lime water exposed to the air. A 
white crust will form on the surface, and this, if broken, will fall lo 
the bottom, and be succeeded by another. This is owing to the ab- 
sorption of carbonic acid gas from the air by the lime, which is thus 
rendered insoluble in water. 

(d) Lime, when exposed to the atmosphere, first acquires mois- 
ture, and then carbonic acid ; and, in a sufficient space of time, all 
the characters distinguishing it as lime disappear. 

(e) Lime has an extremely strong affinity for carbonic acid, which 
enables it to take this acid from other substances. Thus carbonates 
of alkalis are decomposed by lime. Slake a given quantity of lime 
into a paste with water, and add half its weight of carbonate of pot- 
ash or soda. Boil the mixture, for half an hour, in an iron kettle, 
and separate the liquid part by filtration or by subsidence. The car^ 
bonic acid combines with the lime, and the alkali is obtained in a state 
of solution perfectly free from carbonic acid. This is the ordinary 
niode of depriving the alkalis of carbonic acid. 

(y ) Lime, when saturated with carbonic acid, must necessarily 
form carbonate of lime. We are unacquainted, however, with this 
salt, and it is chiefly by a process of reasoning that Berthollet has 
shown it must consist of 100 parts of lime united to 150.6 carbonic 
acid ; whereas in the sub-carbonate 100 parts of lime are combined 
with only half that quantity. (Memoires d'^rcucil, ii. 478.) Of lhis 3 
common chalk may be taken as a fair sample ; and in all sub-carbo- 
nates of this earth, we find the characters of insipidity and insolubility 
in water. Calcareous spar, marble, stalactites, lime-stone, and chalk, 
are all varieties of sub-carbonate of lime. 

(g-) Carbonate of lime is decomposed by a strong heat. If dis- 
tilled in an earthen retort, carbonic acid gas is obtained, and lime re- 
mains in the retort in a pure or caustic state. By this process it los- 
es about 45 fier cent. 

The very curious and important experiments of Sir James Hall 
have proved, that when the escape of the carbonic acid is prevented 
by strong pressure, carbonate of lime is fusible in a heat of about 
:2° of Wedgwood's pyrometer. (Nicholson's Journal, xiii. xiv.) 
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And Mr. Bucholz has lately fused this substance, by the sudden ap- 
plication of a violent heat, without additional compression. (Nichol- 
son's Journal, xvii. 229.) 

(h) Carbonate of lime is decomposed by the stronger acids. Put 
some chalk into a gas bottle, and pour on it diluted sulphuric acid. 
The sulphuric acid will unite with the lime, and the carbonic acid 
will be set at liberty. 

By a comparison of this experiment with the preceding one (#■), 
we may learn the proportion of carbonic acid and water contained in 
any carbonate of lime. Let 100 grains of the carbonate be put into 
a Florence flask, with an ounce or two of water ; place this in the 
scale of a balance ; and in the same scale, but in a separate bottle, 
about half an ounce of muriatic acid. Add the muriatic acid to the 
carbonate as long as any effervescence is produced, and then blow 
out the disengaged carbonic acid, which remains in the flask, by a 
pair of bellows. Ascertain, by adding weights to the opposite scale, 
how much has been lost ; suppose it to be forty grains ; this shows 
the quantity of carbonic acid disengaged. Calcine another 100 
grains in a covered crucible. It will lose still more of its weight ; 
because, besides its carbonic acid, all the water is expelled which it 
may contain. Let this loss be stated at 45 grains ; the former loss 
deducted from this (45 — 40), or 5 grains, shows the quantity of water 
in 100 of the carbonate. 

(z) Carbonate of lime, though scarcely dissolved by pure water, is 
soluble in water saturated Avith carbonic acid. The most striding 
method of showing this is the following: Add to a jar, about one 
fourth filled with lime water, a very small quantity of water saturated 
with carbonic acid. An immediate milkiness will ensue, because the 
carbonic acid forms with the lime an insoluble carbonate. Add grad- 
ually more of the water, impregnated with carbonic acid, shaking the 
jar as these additions are made. At last the precipitate is re-dissolv- 
ed. Hence it appears that lime, with a certain proportion of carbon- 
ic acid is insoluble, and with a still larger, again becomes soluble 
in water. 

(k) The carbonate of lime, dissolved by an excess of carbonic acid 
(i), is again separated, when this excess is driven off. Thus boiling, 
which expels the superabundant acid, precipitates the carbonate. 
Caustic, or pure alkalis, also produce a similar effect. 

Art. 7. — Carbonate of Magnesia. 

I. Pure magnesia does not attract carbonic acid with nearly the 

same intensity as lime. Hence magnesia may be exposed, for a long 

time, to the air, without any important change in its properties, or 

much increase of weight. The carbonate of magnesia, used in medi- 
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cine, and, for experimental purposes, is prepared by a process to be 
described in the sequal. Itithis state, however, it is not entirely sa- 
turated with carbonic acid, and is rather a sub-carbonate. 

II. The saturated carbonate may be obtained, by passing streams 
of carbonic acid gas through water, in which the sub-carbonate is 
kept mechanically suspended. The solution yields, when evaporated, 
small crystals, which are transparent hexagonal prisms, terminated 
by hexagonal planes. These crystals have no taste, and are soluble 
in 48 parts of cold water ; whereas the sub-carbonate requires at 
least ten times that quantity. The crystallized carbonate contains 
per cent. 50 acid, 25 earth, and 25 water ; the sub-carbonate 34 acid, 
45 earth, and 21 water. 

III. The carbonate of magnesia is decomposed by the same 
n gents as the carbonate of lime. It yields its carbonic acid, however* 
in a much more moderate heat. 

IV. Lime has a stronger affinity than magnesia for carbonic acid. 
Jlence, if lime water be digested with carbonate of magnesia, the 
lime is precipitated in the state of an insoluble carbonate. 

Art. 8. — Carbonic ofGlucine. 

Glucine appears to have a considerable affinity for carbonic acid ; 
for, when precipitated from acids by pure alkalis, and dried in the 
air, it becomes effervescent. The carbonate of glucine is white, in- 
sipid, insoluble, atnd very light. It contains about one fourth its 
weight of carbonic acid, which it loses by exposure to a low red- 
heat. 

The carbonate of silex does not exist, and those of zircon, alumine, 
and yttria, have no peculiarly interesting properties. 

SECTION V. 

Gaseous Oxide of Carbon, or Carbonous Oxide. 

This combination of carbon Avith oxygen contains a less propor- 
tion of oxygen than is found in carbonic acid. Its discovery was an- 
nounced in Nicholson's Journal, for April, 1801, by Mr. Cruikshank, 
and in the 38 th volume of the Annates de Chimie, by Clement and 
Desormes, whose experiments are continued in the 39th volume, 
page 26. The Dutch chemists, however, in volume 43, object to its 
being considered as a distinct gas, and regard it merely as a carbu- 
ret of hydrogen. But their objections do not appear sufficiently 
strong to prevent the acknowledgment of the gaseous oxide as a new 
and peculiar species. 

Vol. I. 30 
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It may be procured by any of the following processes : 

1. By the distillation of the white oxide of zinc with one eighth 
its weight of charcoal, in an earthen or glass retort ; from the scales 
which fly from iron in forging, mixed with a similar proportion of 
charcoal ; from the oxides of lead, manganese, or, indeed, of almost 
every imperfect metal, when heated in contact with powdered char- 
coal. It may also be obtained from the subtance which remains after 
preparing acetic acid from acetate of copper. 

2. From well dried carbonate of barytes or of lime (common 
chalk), distilled with about one fifth of charcoal ; or with rather a 
larger proportion of dry iron or zinc filings, which afford it quite 
free from hydrogen. 

3. By transmitting carbonic acid gas over charcoal ignited in a por- 
celain tube. The acid gas combines with an additional dose of char- 
coal ; loses its acid properties ; and is converted into the carbonous 
oxide. An ingenious apparatus, contrived by M. Baruel, and ex- 
tremely useful for this and similar purposes, is described, and repre- 
sented by a plate, in the 1 1th volume of Nicholson's Journal. 

The last product of the distillation is the purest, but still contains 
carbonic acid, which must be separated by washing the gas with lime 
liquor. 

Its properties are as follows : 

(a) It has an offensive smell. 

(6) It is lighter than common air, in the proportion of 966 to 1000. 
One hundred cubical inches weigh 30 grains, ti,e temperature being 
55° Fahrenheit, and pressure 29.5 (Cruikshank) ; or at temperature 
60°, and barometer 30°, 100 cubic inches weigh 30.19 grains. Its 
specific gravity from calculation, according to Gay Lussac, is .96782. 

(c) It is inflammable, and, when set fire to, as it issues from the 
orifice of a small pipe, burns with a blue flame. When mixed with 
common air, it does not explode like other inflammable gases, but 
burns silently with a lambent blue flame. It detonates, however, 
with oxygen gas. 

(d) When a stream of this gas is burnt, in the manner described 
in speaking of hydrogen gas, no water is condensed on the inner sur- 
face of the glass globe, a proof that the gaseous oxide contains no 
hydrogen. Berthollet, indeed, still contends, in opposition to most 
chemists (and among others to Gay Lussac) that hydrogen is one of 
the elements of this gas. 

(e) It is sparingly soluble in water ; is not absorbed by liquid caus- 
lic alkalis; nor does it precipitate lime water. 

( f) It is extremely noxious to animals ; and fatal to them if con- 
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fined in it. When respired for a few minutes, it produces giddiness 
and fainting. 

(§•) When 100 measures of carbonous oxide are fired over mer- 
cury in a detonating tube, with 45 of oxygen gas, the total 145 are 
diminished to 90, which consist entirely of carbonic acid. Propor- 
tions, differing a little fiorn these, have been stated by Berthollet, 
viz. that 100 measures of carbonous oxide are saturated by 50 meas- 
ures of oxygen, and give 100 of carbonic acid. 

(A) It is not expanded by electric shocks, nor does it appear to 
undergo any change by electrization. 

(i) When the carbonous oxide, mingled with an equal bulk of hy- 
drogen gas, is passed through an ignited tube, the tube becomes lin- 
ed with charcoal. In this temperature, the hydrogen attracts oxygen 
more strongly than it is retained by the charcoal, and forms water. 
It was found, also, by Gay Lussac to be decomposed by the action of 
potassium, which combines with the oxygen and precipitates char- 
coal. 

According to Mr. Cruikshank, it contains/zer cent, about 70 oxy- 
gen, and 30 carbon by weight ; or the former is to the latter as 2 1 
to 8 6 or as 21 to 9. Gay Lussac, however, makes it to consist of 
43 charcoal, 
57 oxygen. 
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This determination is probably nearer the truth than Mr. Cruik- 
shank's; for, calculating on the statement which he has given, of the 
proportion of carbonic acid resulting from its combustion, and assum- 
ing that this acid contains 28 per cent, of carbon, 100 parts of carbo- 
nous oxide ought to consist of 40 charcoal and 60 oxygen. 

SECTION VI. 

Combination of Carbon with Hydrogen, forming Carburetied Hy- 
drogen Gas, or Hydro-Carburet. 

I. Of this combination there appear, on first view, to be several 
distinct varieties, consisting of carbon and hydrogen, united in vari- 
ous proportions, and obtained by different processes. 

1. When the vapour of water is brought into contact with red-hot 
charcoa 1 (by means of an apparatus similar to that represented, fig. 
40), two different products are obtained. The oxygen of the water, 
uniting with the carbon, constitutes carbonic acid ; and the hydrogen 
of the water dissolving, at the moment of its liberation, a portion of 
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charcoal, composes carburetted hydrogen gas.* The carbonic acid 
may be separated from the hydro-carburet, by agitating the gas, 
•which has been produced, in contact with lime and water, mixed to- 
gether, so as to be of the consistence of cream. 

2. By stirring, with a stick, the mud that is deposited at the bot- 
tom of ditches or stagnant pools, bubbles of gas ascend to the surface, 
and may be collected in an inverted bottle of water, to the mouth of 
which a funnel, also inverted, is fixed. 

3. By submitting coal to distillation, in an iron of coated glass re- 
tort, a large quantity of gas, besides a portion of tar, is produced. 
[See note 22 at the end of this vol.] The latter may be received in 
an intermediate vessel ; and the gas must be well washed with lime 
liquor. The first product only may be reserved as a specimen of 
coal gas ; for, as the distillation proceeds, its density becomes gradu- 
ally less ; till, at length, the gas which is produced at the close of the 
operation is only about half as heavy as that evolved at first. The 
quantity of gas, also, which is produced from a given weight of coal, 
is so variable in different kinds of this mineral, that it is scarcely 
possible to state any general average. From 120 pounds avoirdu- 
pois of the sort of coal called Wigan Canncl, about 340 cubic feet of 
gas may be obtained, of which half a cubic foot/zer hour is equal to 
a mould candle of six to the pound, burning during the same space of 
time. 

4. Let a porcelain tube, coated with clay, be fixed horizontally in 
a furnace, in the manner represented, fig. 40. To one end let a re- 
tort be luted, containing an ounce or two of ether or alcohol ; and to 
the other, a bent tube, which terminates under the shelf of the pneu- 
matic trough. A gas will be disengaged, on igniting the tube, and 
transmitting, through it, the alcohol or ether in vapour, which, when 
washed with lime liquor, is the carburetted hydrogen. 

5. A fifth mode of obtaining hydro-carburet, consists in distilling, 
in a glass retort, with a gentle heat, three parts of concentrated sul- 
phuric acid, and one part of alcohol. The mixture assumes a black 
colour and thick consistence ; and bubbles of gas are disengaged, 
which may be collected over water. For reasons which will after- 
wards be stated, this gas has been named the olefiant gas. 

II. These varieties of carburetted hydrogen gas all agree in be- 
ing inflammable ; but they possess this property in various degrees, 
as is evinced by the variable brightness of the flame, which they yield 
when set on fire. They may be inflamed as they proceed ironr the 
orifice of a small pipe, or from between two concentric cylinders of 

* In Nicholson's Journal, xi. 68, I have stated my reasons for believing tlia*. 
this gas is not pure hydro-carburet. 
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sheet-iron or copper, placed at the distance of a small fraction of an 
inch from each other. On this principle, an Argand's lamp may be 
constructed, for burning ihe gases, which will issue from that space, 
commonly occupied by the wick. 

1. When burned in either of these modes, there is a manifest 
gradation in the density and brightness of the flame. The gas from 
charcoal burns with a faint blue light, not suited to the purpose of 
illumination ; that from ether or alcohol with more brilliancy; but 
still short of that with which the coal gas burns, when recently pre- 
pared. The defiant gas surpasses them all, in the quantity of light 
evolved by its combustion. 

2. If these gases be burned in a vessel of oxygen gas over lime- 
water, by means of a bladder and bent brass pipe (pi. iv. fig. 41), 
two distinct products are obtained, -viz. water and carbonic acid. 
That water is produced, may be shown by burning a very small 
stream of this gas under a long funnel-shaped tube open at both 
ends. The formation of carbonic acid is evinced, by the copious pre- 
cipitation of the lime-water in the foregoing experiment. 

3. The composition of each of the above gases is learned by fir- 
ing it, in a detonating tube over mercury, with a known quantity of 
oxygen gas ; and observing the nature and quantity of the products. 
These products are carbonic acid and water. The former may be 
exactly measured ; but the water is generated in such small quantity, 
that it can only be computed. The following table shows the results 
of a few experiments of this kind. 

Measures of oxygen Measures of* Carbonic 
Kind of Gas. Gas required to sat- Acid produced, 

urate 100 Measures. 
Pure hydrogen gas . . . 50 to 54 . . . . 

Gas from charcoal ... 60 . 35 

coal ... 190 ... . 97.5 

stagnant water . 200 .... 100 

Olefiant gas 300 200 

Now since, for the formation of each measure of carbonic acid 
gas, in the foregoing experiments, an equal, volume of oxygen gas 
is required, we may learn, by deducting the number in the third 
column from the corresponding one in the second, what proportion 
of oxygen has been spent in the saturation of the hydrogen of each 
hydro-carburet. Thus, for example, in burning the gas from coal, 
100 measures of oxygen have been employed in forming carbonic 
acid : and the remaining 90 in saturating hydrogen. But 90 meas- 
ures of oxygen are sufficient to saturate 180 of hydrogen gas ; and a 
quantity of hydrogen must theretore be contained in 100 measures of 
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gas from coal ; which, expanded to its usual elasticity, would occu- 
py 180 measures. 

4. The gases vary in their solubility by water, the olefiant gas 
being absorbed in the largest proportion, viz. one eighth the bulk of 
the water ; the gas from stagnant water one sixty-fourth ; and the 
others in still less quantity. 

5. They vary also in density or specific gravity. Common air 
being 1000, the olefiant gas is 909 ; the gas from ether or alcohol 
520 ; and from moistened charcoal 480. The specific gravity of 
gas from coal, and of that from stagnant water, I am informed by 
Mr. Dalton, are the same, viz. 666, or as 2 to 3. 

6. The only distinct and well characterized species of hydro- 
carburet appear to me to be the olefiant gas ; and the gas from stag- 
nant water, yielding by combustion an equal bulk of carbonic acid. 
Of these, the other varieties appear to be only mixtures. The rea- 
sons for this opinion I have stated in Nicholson's Journal, volume xi. 
page 68. It is proper, however, to add, that they have not been 
satisfactory to Berthollct, who, in the ad volume of the Memoires d' 
jircueil, has since argued that hydrogen, carbon, and oxygen may 
combine in unlimited proportions, and form a great variety of com- 
bustible gases, to which he thinks the term oxy-carburetted hydro- 
gen more appropriate. On the contrary, it is contended by Mr. Dal- 
ton and myself, that oxygen is not an essential element of these com- 
pounds ; and that the hydrogen and cavbon, of which alone they con- 
sist, are capable of uniting in but few proportions. The controversy, 
which would be unseasonable in an elementary work, I shall proba- 
bly resume on some future occasion. 



CHAPTER XII. 

SULPHUR. SULPHURIC ACID. SULPHATES. — ,BINARY COM- 
POUNDS OF SULPHUR. 

In describing sulphur and its compounds, I shall take them in 
the following order. 

I. Sulphur in its uncombined state. 

II. Sulphur united with its full proportion of oxygen, constitut- 
ing sulphuric acid ; and the compounds of this acid with alkalis 
and earths, termed sulphates. 

III. Sulphur united with a less proportion of oxygen, composing 
sulphurous acid; and the compounds of this acid, called sul- 
phites. 
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IV. The compounds of sulphur with alkalis and earths, termed 

SULPHUUETS. 

V. The combination of sulphur and hydrogen, named sulphu- 
retted hydrogen ; and the compounds, which it forms with alka- 
line and earthy bases, called hydro sulphurets. 

VI. The compound of sulphuretted hydrogen with a still farther 
dose of sulphur, composing super-sulphuretted hydpogen ; 
and its compounds with different bases called. hydroguretted 
sulphurets, or sometimes sulphuretted-hydro-sulphurets. 

SECTION I. 

SULPHUR. 

I. The sulphur, which occurs as an article of commerce, is a 
mineral production, and is brought to this country chiefly from Sicily. 
That which is obtained in our own island, is generally of very inferior 
quality, and contains a portion of the metal, from combination with 
which it has been separated. *It is met with under two different 
forms, that of a compact solid, which has generally the shape of long 
rolls or sticks ; and that of a light powder called Towers of suljihur. 
In general, the latter may be considered as most pure ; but the two 
varieties, it will presently appear, are readily convertible into each 
other by the modified application of heat. 

II. Sulphur is readily fused and volatilized. When heated to 
170° of Fahrenheit, it begins to evaporate, and to produce a very dis- 
agreeable smell; at 185° or 190° it begins to melt ; and at 220° is 
completely fluid. If the heat be rapidly increased, it loses its fluidi- 
ty, and becomes firm, and of a deeper colour. It regains its fluidity, 
if we reduce the temperature ; and this may be repeated at pleasure, 
in chose glass vessels, if the changes of heat be not slow ; otherwise 
it is volatilized. 

III. If, after being melted, it be suffered to cool, it congeals in 
a crystalline form, but so confusedly, that we cannot define the shape 
of the crystals farther than that they are slender interlaced fibres. 
[See note 23 at the end of this vol.] If a large mass be kept fluid 
below, while it conceals at the surface, the crystallization there is 
much more distinct. When sulphur in complete fusion is poured 
into water, it becomes tenacious like wax, and may be applied (as is 
done by Mr. Tassie) to take impressions from engraved stones, Sec. 
These impressions are quite hard, when the sulphur has become 
cold. 

IV. At the temperature of about 290° Fahrenheit, sulphur is con- 
verted into vapour ; and if this operation be conducted in plose ves- 
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sels, the volatilized sulphur is again collected in a solid form. 
What remains has been called suljihur vivum. This affords an ex- 
ample of the process of sublimation, which differs from distillation, 
in affording a solid product, while the latter yields a condensed liquid. 
In this mode, sulphur may, in part, be purified ; and its purification 
is completed, by boiling it repeatedly in distilled water ; then in 
twice or thrice its weight of nitro-muriatic acid, diluted with one 
part of distilled water ; and, finally, by washing it with distilled wa- 
ter, till this comes off tasteless, and incapable of changing the blue 
colours of vegetables. 

V. When flowers of sulphur are digested in alcohol, no union 
takes place ; but if the two bodies be brought into contact, when both 
are in a state of vapour, they enter into chemical union. This may 
be shown by an ingenious experiment of La Grange, the apparatus 
for performing which is represented in the first plate of his " Manu- 
al." Into a glass alembic (see the plates to this work, fig. 2) put 
a little sulphur ; over this suspend, by a couple of strings, a small 
bottle filled with alcohol ; and apply a receiver to the pipe of the 
alembic, the head being put into its place. Lute the junctures, and 
apply a gentle heat to the alembic. The sulphur will now be raised 
in vapour ; and the vapour surrounding the bottle of alcohol, the lat- 
ter will be volatilized, and will meet in this state the fumes of sul- 
phur. A combination will take place between the two bodies, and 
sulphurized alcohol will pass into the receiver. On pouring this pre- 
paration into water, the sulphur will be precipitated. 

VI. Though it had already been suspected (chiefly from the ex- 
periments of M. Berthollet, junior, described in sect. 6, art. 4, of this 
chapter) that sulphur contains hydrogen, yet the first unequivocal 
evidence of the fact was furnished by Mr. Davy. In considering the 
analytical powers of the Voltaic apparatus, it occurred to him, that 
though sulphur, being a non-conductor, could not be expected to 
vield its elements to the attractive and repulsive powers of opposite 
electricities, yet that the intense heat, which is thus produced, might 
possibly effect some alteration in it, and tend to separate any elastic 
matter it might contain. On this idea, a bent glass tube, having a 
platina wire hermetically sealed into its upper extremity, was filled 
with sulphur. The sulpur was melted by heat ; and a proper con- 
nexion being made with the Voltaic apparatus of 500 double plates, 
each six inches square and highly charged, a most intense action 
took place. A very brilliant light was emitted ; the sulphur soon 
entered into ebullition ; elastic matter was evolved in great quanti- 
ties ; and the sulphur, from being of a pure yellow, became of a 
dark reddish brown tint. The gas was found to be sulphuretted hy- 
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drogen or hydrogen gas holding sulphur in solution ; and its quan- 
tity, in about two hours, was more than five times the volume of the 
sulphur employed. 

Another proof of the presence of hydrogen in sulphur is derived 
from the action of potassium ; for these two bodies act upon each 
other with great energy, and evolve sulphuretted hydrogen, with in- 
tense heat and light. 

Lastly, when dry sulphur is burned in dry oxygen gas, Mr. Da- 
vy is of opinion that, beside sulphuric acid, a portion of water is also 
formed. 

Another ingredient of sulphur, it appears probable from the ex- 
periments of the same chemist, is oxygen. When potassium is 
made to act on sulphuretted hydrogen, it burns with a brilliant light ; 
and a small quantity of potash is formed, which unites with a portion 
of the sulphur. But to the production of this potash, oxygen is ab- 
solutely necessary, and since the hydrogen could not have furnished 
it, no other source can be assigned but the sulphur which the gas 
holds in solution. 

An additional argument, in favour of the presence of oxygen in 
sulphur, is derived from the following fact. Potassium and sodium, 
in their perfectly neutralized state, evolve a certain quantity of hy- 
drogen from water, in consequence of their affinity for oxygen. But 
whenever they are partially oxidized, before being added to water, 
they do not evolve so much ; because the affinity, by which they ef- 
fect the decomposition of water, is already in part satisfied. Now it 
is remarkable that potassium, after being combined with sulphur, 
detaches a less proportion of hydrogen from water than an equal 
weight of the pure metal : and the more we increase the proportion 
of the sulphur to the potassium the less hydrogen does the latter 
evolve, probably because it has already acquired a greater share of 
oxygen from the sulphur. 

Sulphur, then, in its common state, appears to be a combination 
of small quantities of oxygen and hydrogen with a large quantity of 
a peculiar basis. The nature of this basis, however, though it has 
been an object of investigation with Mr. Davy, is but imperfectly 
known. He attempted to obtain it in a separate form, from the com- 
pound of potassium and sulphur, in which we may naturally suppose 
it to exist. Muriatic acid detached a substance of a dark grey col- 
our, harsh to the touch ; which, at common temperatures, had no 
smell ; but, when heated, emitted the peculiar odour of sulphur. 
Though certainly differing from sulphur in its ordinary state, yet in 
:ls chemical properties it approached so nearly to th^t body, that we 
Vol. I. fvl 
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must still consider the exhibition of the base of sulphur in a pure 
form, as not satisfactorily accomplished. 

VII. Sulphur is inflammable, and appears susceptible of two dis- 
tinct combustions, which take place at different temperatures.* At 
140° or 150° Fahrenheit, it begins sensibly to attract oxygen ; and if 
the temperature be raised to 180° or 190°, the combination becomes 
pretty rapid, accompanied by a faint blue light. But the heat evolved 
is scarcely sensible : at least it is so weak, that the sulphur may thus 
be burnt out of gunpowder, and the powder be rendered useless 
without inflaming it. At a temperature of 300°, its combustion, though 
still feeble compared with that of some other bodies, is much more 
active, and accompanied with a redder light. When set on fire in 
oxygen gas, it burns with a very beautiful and brilliant light ; but of 
a given quantity of oxygen gas, it is not possible to condense the 
whole by this combustion, for reasons which hereafter will be stated. 
The product of these combustions, when examined, will be found to 
be sulphuric acid.f 

SECTION II. 

Sulphuric Acid. 

I. Though this is not the mode in which sulphuric acid is or- 
dinarily prepared (which will be afterwards described in chap. xiii. 
sect. 5), yet it will be proper for the chemical student to examine the 
result of this combustion, on account of the simplicity of the process. 
Let the glass bell, under which sulphur has been burnt, be rinsed 
out with a little water. This water will have an acid taste, will turn 
vegetable blue colours red, and will effervesce with carbonated alka- 
lis. It is therefore an acid ; and as it is composed of sulphur and 
oxygen, it is termed the sulphuric acid. The properties of this acid 
must be exhibited by a portion of that usually found in the shops. 
They are as follows : 

{a) Sulphuric acid has a thick and oily consistence ; as may be 
seen by pouring it from one vessel into another. 

(b) In 100 parts, it contains, according to Chenevix, 61-| sulphur 
and 38| oxygen. Berthollet, however, has lately stated ( Memoirea 
d' Arcueil, ii.), that 17.846 parts of sulphur, oxygenized by nitric 
acid, give a quantity of sulphuric acid which affords 127.515 parts of 
sulphate of barytes. Plence it follows that 100 parts by weight of 

* For an account of the oxides of sulphur, see Dr. Thomson's paper in Nich- 
olson's Journal, vi. 101. 

f Much sulphurous acid is also generated in these processes 



SECT. II. SULPHURIC ACID. 243 

sulphur are convertible into 230.79 parts of real sulphuric acid (= 
about 292 parts of density 1 .85) ; and sulphuric acid must consist of 

43.28 sulphur 

56.72 oxygen 



100 

This last statement accords so nearly with those of Klaproth, 
Richter, and Bucholz (which all agree in fixing the sulphur in sul- 
phuric acid at between 42 and 43 per cent.)., that it is probably the 
correct one. It will be found, also, if we assume, as appears now to 
be decisively proved, the sulphate of barytes to contain 33£ fier cent. 
of acid, and not 23^, as estimated by Mr. Chenevix, that the results 
of this last mentioned chemist differ very little from the one, which 
I have considered as most nearly approaching the truth. 

(c) Sulphuric acid is nearly twice as heavy as water. This will 
appear from weighing a small phial filled with the acid, and after- 
wards filled with distilled water. The same result will be more con- 
veniently obtained, by making the comparison in the long-necked 
bottle. (PI. i. fig. 14.) The specific gravity of the acid, as prepar- 
ed for purposes of commerce, is generally 1.845, containing, in this 
state, according to Kir wan, 

79 real acid 
21 water 



100 
It does not appear that the specific gravity of rectified sulphuric 
acid can be carried so high as 1.850.* When of the specific gravi- 
ty 1.417, it contains, according to Berthollet, 38.58 fier cent, of real 
acid ; the remainder being water. 

(d) In a pure state, it is perfectly limpid and colourless. 

(e) When mixed suddenly with water, considerable heat is pro- 
duced. Four parts, by weight, of concentrated sulphuric acid, and 
one of water, when suddenly mixed together, each at the tempera- 
ture of 50° Fahrenheit, have their tempepature raised to 300°. This 
rise of temperature takes place, because the affinity or capacity of 
the compound of sulphuric acid and water for caloric, is less than 
that of the acid and water separately. A diminution of bulk also en- 
sues ; that is, one measure of acid and one of water do not occupy the 
space of two measures, but about ^th less. Owing to the heat pro- 
duced by its admixture with water, the dilution, for ordinary purpos- 
es, should be conducted very gradually ; and the acid should be add- 
ed to the water by small portions at once, allowing each portion to 

* Transactions of the Irish Academy, iv. 88. 
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cool before a fresh addition is made. On the principle of its attrac- 
tion for water is to be explained, also, the rapid increase of weight 
which the acid acquires when exposed to air. In one day, three 
parts of sulphuric acid, exposed to the atmosphere, are increased in 
weight one part ; and one ounce, by twelve months exposure, has 
been found to gain an addition of 6i. 

(/) A perfectly pure sulphuric acid remains quite limpid during 
dilution. The sulphuric acid, however, commonly found in the 
shops, under the name of oil of vitriol, on admixture with water, de- 
posits a white powder, in considerable quantity, consisting of various 
impurities, but chiefly of sulphate of lead. 

(§•) The boiling point of sulphuric acid is considerably higher 
than that of water, and even approaches to that of mercury. Berg- 
man stated its boiling point to be 540° Fahrenheit, but Mr Dalton 
has determined it to be 590°. 

(A) Sulphuric acid, by a sufficient reduction of its temperature, 
may be frozen ; and under favourable circumstances, it assumes a 
regular crystalline form, a considerable degree of solidity or hard- 
ness, and a density exceeding that which it possessed in a fluid state. 
From the experiments of Mr. Keir* it follows that there is a certain 
point of specific gravity (viz. 1780 to 1000), at which the sulphuric 
acid most readily congeals ; and when of this degree of strength it 
requires even a less degree of cold than is sufficient to freeze water, 
its congelation taking place at 45° Fahrenheit. From the specific 
gravity of 1786 on the one hand to 1775 on the other, it freezes at 
32° Fahrenheit. It is singular that it remains congealed at a temper- 
ature higher than that originally required for freezing it. Acid, for 
example, which did not become solid till its temperature was reduc- 
ed to 32°, remains frozen at 45°. When of the specific gravity of 
1843, or as nearly as possible of that of commerce, it was found by- 
Mr. Macnabf to freeze at — 15° Fahrenheit ; but this acid, mixed with 
rather more than half its weight of water required for congelation the 
temperature of — 36° Fahrenheit. 

(?) To purify sulphuric acid, it must be distilled in a glass re- 
tort, placed in the sand-bed of a reverberatory furnace. This pro- 
cess is a very difficult one ; and an inexperienced chemist should, 
therefore, not attempt it. To those, however, who have the means of 
repeating the process, and sufficient experience in chemical opera- 
tions, the following instructions may be useful ; especially as it is in- 
dispensable, in all experiments of research, to employ an acid thus 
purified. 

• Philosophical Transactions, lxxvii. 267. 

j Philosophical Transactions, lxxvi. 241. 
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The furnace, in which this process is conducted, should have a 
contrivance for supporting a sand-bath within it at a proper height ; 
and an opening in the side, for transmitting the neck of the retort 
(PI. vii. fig. 62, 63.) The retort must be coated with clay and sand 
over its whole body, and also over that part of the neck which is ex- 
posed to the fire. It is then to be placed, the coating being previous- 
ly dry, in the sand-bath, about one half filled with sulphuric acid ; 
and a receiver must be applied, but not luted on. The fire must 
now be lighted, and raised with extreme caution. The first portion 
that comes over, amounting to about one sixth, consists chiefly of 
water, and may be rejected. This is followed by the concentrated 
acid ; and, at this period, there is great risk that the neck of the re- 
tort will be broken, by the contact of the condensed acid, which has 
a very high temperature, and which frequently cracks the glass, as 
effectually as the application of a red-hot iron. The fire must be reg- 
ulated by the register-door of the ash-pit, so that several seconds 
may elapse between the fall of the drops into the receiver. The pro- 
cess may be continued as long as any acid is condensed. The re- 
torts, employed for this purpose, should be most attentively anneal- 
ed ; and it is advisable, that the operator should anneal them himself, 
by first heating them in an oven, and then allowing the oven to cool 
as slowly as possible. 

Sulphuric acid may be less perfectly purified by diluting it with 
an equal weight of water, allowing the impurities to settle, decanting 
the clear liquor, and evaporating it to the proper degree in a glass 
retort. 

(*■) Sulphuric acid is decomposed at the temperature of the at- 
mosphere, by inflammable substances, and acquires a dark colour. 
The addition of a little brown sugar, or a drop of oil, to a portion of 
the acid, imparts to it a brownish hue, which in time changes to 
black. Hence, this acid should always be kept in bottles with glass 
stoppers ; for a small bit of straw or cork, if dropped into a consider- 
able quantity of sulphuric acid, changes it in the manner that has 
been pointed out. 

(/) In high temperatures, sulphuric acid is still farther decom- 
posed by combustible bodies. 

1. Hydrogen gas, brought into contact with sulphuric acid, in a 
state approaching ignition, decomposes it, and water and sulphurous 
acid are formed. This, however, is a most dangerous and difficult 
process, which it is not advisable to repeat. 

2. According to Gay Lussac, sulphuric acid is decomposed by a 
high temperature, and is resolved into two parts by measure of sul- 
phurous acid gas, and one of oxygen gas. This experiment is besr 
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performed by passing the acid through a red-hot tube of glass or 
porcelain. 

3. Sulphur, by being boiled in sulphuric acid, partly deoxygen- 
ates it, and converts a portion of it into sulphurous acid, which comes 
over in a gaseous state. 

4. Into a glass retort put such a quantity of sulpuric acid as will 
fill about one fourth part of it, and add a small portion of powdered 
charcoal. On applying the heat of a lamp, gas will be produced 
very abundantly. Let this gas be conveyed by a tube fixed to the 
mouth of.a retort, and bent in the proper manner, into an inverted jar 
of water ; or, if it can be had, into an inverted jar of quicksilver in a 
mercurial apparatus. During this operation, the carbon attracts 
part of the oxygen of the sulphuric acid, and forms carbonic acid gas. 
But the sulphur is not entirely disoxygenated ; and a compound is 
therefore formed of sulphur and oxygen, containing less oxygen than 
the sulphuric acid. This compound exists in the state of a gas, and 
its properties may next be examined. To avoid, however, the com- 
plication which the admixture of carbonic acid with this new pro- 
duct introduces into the experiment, it may be proper to prepare it 
in a mode less objectionable, but the rationale of which cannot at 
present be explained. This consists in dissolving one part, by 
weight, of quicksilver in two of sulphuric acid, and boiling the mass 
to dryness, in the bottom of a broken Florence flask. The dried 
mass, still remaining in the retort, is next to be distilled in a strong 
sand-heat ; a glass globe being interposed between the retort and the 
receiving mercurial trough, to condense any sulphuric acid that may 
escape decomposition. (See pi. iii. fig. 31.) The gas thus obtained 
is termed, conformably to the principles of the new nomenclature, 
sulphurous acid. 

SECTION III. 

Sulphurous Acid Gas. 

Sulphurous acid may be formed, also, by burning sulphur at a 
low temperature under a glass bell ; and if slips of linen cloth, dip- 
ped in a solution of potash, be exposed to the vapour, the alkali 
forms a combination with the sulphurous acid, which may afterwards 
be washed off and evaporated. The dry salt, distilled with liquid 
tartaric acid, gives sulphurous acid gas. 

Its properties are the following : 

(a) It has a pungent and suffocating smell, exactly resembling 
that which arises from burning sulphur. 

(A) It is above twice heavier than atmospherical air. According 
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to Kirwan, its specific gravity is 2.265, common air being 1 ; or, ac- 
cording to Gay Lussac, from calculation 2.30314. At the tempera- 
ture of 60°, the barometer being 30 inches, 100 cubic inches of this 
gas are stated by Mr. Kirwan to weigh 70.2 1 5 grains. By Monge 
and Clouet it is said, if exposed at the same time to a temperature of 
31° Fahrenheit, and to great pressure, to assume a fluid state. 

(c) It extinguishes burning bodies, and kills animals. 

((/) It has the property of whitening or bleaching silk, and of giv- 
ing it lustre. 

(e) Of sulphurous acid, water absorbs 33 times its bulk, or one 
eleventh of its weight, caloric is evolved, and the solution at 68° has 
the specific gravity 1.0513. From this fluid it is again separated, 
like carbonic acid, by the application of heat ; but not by congelation. 

(J) This watery solution does not redden infusion of litmus, as 
acids in general do, but totally destroy its colour. Hence its use in 
bleaching several vegetable and animal products. It restores the 
colour of syrup of violets, which has been reddened by other acids. 
(Nicholson's Journal, xvii. 303.) 

(g) Sulphuric acid, saturated with this gas, which may be effect- 
ed by passing the gas through the acid, acquires a strong smell, a 
yellowish brown colour, smokes when exposed to the air, and has the 
property of assuming a solid form, by a moderate reduction of its 
temperature. When distilled, the first product, which is a com- 
pound of the two acids, assumes a solid form. It has been called 
glacial sulfihuric acid. 

(h) Sulphurous acid is again converted to the state of sulphuric, 
by restoring oxygen to it. 

1. A mixture of oxygen and sulphurous acid gases, both perfect- 
ly dry, and standing over mercury, is not diminished by remaining 
in contact with each other during some months ; but if a small quan- 
tity of water be added, the mixture begins to diminish, and sulphuric 
acid is formed. The same gases in a state of mixture, driven 
through a red-hot porcelain tube, afford sulphuric acid. The pro- 
portions required for mutual sutu ration are two measures of sulphur- 
ous acid and one of oxygen gas. 

2. To a portion of water saturated with this gas, add a little oxide 
of manganese, a substance that contains much oxygen loosely com- 
bined. The pungent smell of the water, and the other characteristics 
of sulphurous acid, will soon disappear. 

3. Sulphurous acid gas is condensed into sulphuric acid by ad- 
mixture with nitrous gas, and also by oxy-muriatic acid gas. 

(i) When the temperature of sulphurous acid gas }s greatly re- 
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duced, by surrounding it with a mixture of snow and muriate of lime, 
it is changed into a liquid. 

(#) If sulphurous acid gas and fresh muriate of tin are brought 
into contact over mercury, the volume of the gas is speedily diminish- 
ed, sulphur is deposited, and the simple muriate becomes an oxy- 
genized muriate of tin. (Accum.) 

Both these acids are susceptible of combination with alkalis. 

(/) It is decomposed, when submitted to the heat of ignition, in 
contact with certain combustible bodies. Thus, when a mixture of 
sulphurous acid and hydrogen gases are driven through a red-hot 
porcelain tube, the oxygen of the acid combines with the hydrogen, 
and forms water, and sulphur is obtained in a separate form. The 
sulphurous acid is decomposed, also, when transmitted over red-hot 
charcoal ; and, as appears from Gay Lussac's experiment, by po- 
tassium- 

From the testimony of the same chemist we learn that 100 parts 
of sulphur, to become sulphurous acid, unite with 95 oxygen ; and 
hence this acid must be composed of 

Sulphur 51.3 
Oxygen 48.7 

100 
Dr. Thomson had formerly determined that 100 sulphurous acid 
consist of 

Sulphuric acid 82 
Sulphur . 18 



100 
And if we admit that 100 sulphuric acid contain 43 of sulphur, 
then 82 must contain 35.26, which, added to 18, make 53.26 sulphur 
in 100 of sulphurous acid, numbers not very remote from those of 
Gay Lussac. 

SECTION IV. 

Combination of Sul/ihuric Acid with Alkalis. 

Art. 1. — Sulphate of Potash. 

This salt may be formed by saturating the carbonate of potash 
with sulphuric acid, and crystallizing the solution. Its properties 
are the following : 

(a) It crystallizes in small six-sided prisms, terminated by six- 
sided pyramids with triangular faces. Its specific gravity, according 
to Hassenfratz, is 2.0473. 

(b) It has a bitter taste: 
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(c) It decrepitates, or crackles, when thrown on a red-hot iron, dr 
on red-hot coals, and is volatilized by a strong heat, first running into 
fusion. By a low red-heat it loses very little of its weight, not more 
than one and a half or two fier cent. 

(d) Water, at 60° of Fahrenheit, takes up only one sixteenth of 
its weight ; but boiling water dissolves one fifth, or by continuing the 
application of heat even one fourth. 

(e) One hundred parts contain 30.21 acid, 64.61 alkali, and 5.18 
water. The determination of Berthollet differs ennsiderably from 
this ; for, setting aside the water of crystallization, he makes the salt 

to consist of 

51.38 potash 
46.62 acid 



100 
(/) This sulphate is decomposed, in high temperatures, by car- 
bon. Mix any quantity of the salt with one fourth of its weight of 
charcoal finely powdered, and expose the mixture, in a crucible, to a 
strong heat. The carbon will unite with the oxygen of the sulphur- 
ic acid, and will escape in the state of a gas. What remains is a 
compound, hereafter to be described, of sulphur and potash. 

Sufier~sulfihate of Potash. 

When to a saturated solution of sulphate of potash in boiling wa- 
ter, we add an excess of sulphuric acid, the first crystals, which are 
formed, contain a considerable excess of sulphuric acid, not less in 
the whole, according to Berthollet,* than 55.8 fier cent. By contin- 
uing to evaporate the solution, we obtain successive quantities of 
crystals, which hold less and less acid in combination. Thus the 
second set, according to the same chemist, contain only 49.5 fier 
cent, of acid. 

This salt has an intensely sour taste and a powerful action on 
blue vegetable colours. One part is soluble in two of water at 60 8 , 
and in less than an equal weight at 212°. It is insoluble in alcohol. 

Aut. 2. — Sulfihate of Soda. 

(a) This salt forms regular octahedral crystals, of a prismatic or 
cuneiform figure ; the two terminating pyramids of which are trun- 
cated near their basis. 

(b) It has a more bitter taste than the preceding, and melts more 
easily in the mouth. 

* Mtmoires d* Jlrcueil, ii. 480. 
Vol. I. 32 
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(c) It swells upon a heated iron, in consequence of the loss of its 
water of crystallization, and a white powder is left, amounting to on- 
ly about 36 parts from 100 of the original salt. 

(d) By exposure to the atmosphere, it effloresces, and loses 
weight. 

(e) It is very soluble in water, three parts of which, at 60° of 
temperature, dissolve one of the salt ; and boiling water dissolves its 
own weight. 

(/) It contains per cent., according to Kirwan, 23.52 acid, 18.48 
base, 58 water. 

(g) It is decomposed by charcoal like the preceding salt, and a 
compound remains of sulphur and soda. 

Art. 3 — Sulphate of Ammonia. 
(g) The sulphate of ammonia forms long flattened prisms with 
six sides, terminated by six-sided pyramids. 

(b) It slightly attracts moisture from the air. 

(c) It has a cool bitter taste. 

(d) Two parts of water, at 60°, take up one of the salt, and boil- 
ing water dissolves its own weight. During solution, it produces 
cold ; and also when mingled with powdered ice, or with snow. 

(e) The sublimed salt has an excess of acid ; a portion of the base 
being expelled by the application of heat. 

(y) It contains, per cent., 55 acid, 14 ammonia, and 31 water. 

(,§•) It liquefies, by a gentle heat, and is volatilized. If a strong- 
er heat be applied, it is decomposed. (See Mr. Hatchett's paper in 
Philosophical Transactions, 1796, or Davy's Researches.) 

(//) The pure fixed alkalis, potash and soda, seize the sulphuric 
acid, and set at liberty the alkali. Hence a strong smell of ammo- 
nia arises on the admixture of pure soda or potash with this salt. 

Art. 4. — Sulphate of Barytes. 

Barytes has a powerful affinity for sulphuric acid ; and the com- 
bination of these two bodies may be effected with great facility. 

(o) To a solution of pure barytes, add sulphuric acid. A white 
precipitate will appear, which is the sulphate of barytes. 

(b) The same compound is formed, by adding sulphuric acid ts 
carbonate of barytes, or to a solution of muriate or nitrate of barytes. 

(c) The sulphate of barytes is one of the most insoluble substan- 
ces that chemistry presents, requiring for its solution 43,000 times 
its weight of water. 

(d) Barytes has a stronger affinity than any other body for sul- 
phuric acid. 
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(e) Owing to these properties the solution of pure barytes, and 
of the nitrate and muriate of barytes, are excellent and very sensible 
tests of sulphuric acid, and of all its combinations. Let a single 
drop of sulphuric acid fall into a wine quart of pure distilled water. 
On adding a few dr%)s of one of the foregoing solutions of barytes, a 
precipitation will ensue. 

(/) Sulphate of barytes is decomposed by carbonate of potash. 
Boil the powdered sulphate with a solution of twice or three times 
its weight of carbonate of potash. The carbonic acid will pass to 
the barytes, and the sulphuric to the potash. - 

(#) By this process, carbonate of barytes may be procured, for 
the purpose of preparing the pure earth, and its variour salts, when 
the native carbonate cannot be had in sufficient abundance. The sul- 
phate is found, in considerable quantities, accompanying lead ore, in 
Derbyshire and othe*r parts of England, where it is known by the 
names of cawk, ponderous spar, &c. When applied to the purpose 
of obtaining the carbonate of barytes, it is to be mixed with three or 
four times its weight of sub-carbonate of potash, and boiled with a 
proper quantity of water for a considerable time, in an iron kettle, 
stirring it, and breaking clown the hard lumps, into which it is apt to 
run, by an iron pestle. It is then to be washed with boiling water, 
as long as this acquires any taste. On the addition of dilute muriat- 
ic acid, a violent effervescence will ensue, and a considerable portion 
of the earth, probably along with some metals, will be dissolved. To 
the saturated solution, add a small portion of pure ammonia. This 
will throw down any metals that may be present ; and the barytes 
may afterwards be precipitated in the state of a carbonate, by a solu- 
tion of carbonate of potash. Let the precipitated earth be well wash- ■ 
ed with distilled water ; and, if the pure barytes is to be obtained 
from it, let it be treated as directed, chap. x. 

(//) Sulphate of barytes is also decomposed when ignited with 
powdered charcoal, which abstracts the oxygen of the sulphuric acid, 
and leaves a combination of sulphur and barytes. From this, the ba- 
rytes may be removed by muriatic acid, as already directed, and the 
muriatic solution be decomposed by carbonate of potash. 

(i) The sulphate of barytes, when decomposed by charcoal, af- 
fords one variety of solar phosphorus. This phosphorus has been 
called, from the place where the sulphate is found from which it was 
first prepared, the Bolognian phosphorus. The native sulphate, 
powdered after being ignited, and finely sifted, is to be formed into 
a paste with mucilage of gum avabic, and divided into cylinders or 
pieces of one fourth of an inch in thickness. These, after being dri- 
ed m a moderate heat, are to be exposed to the temperature of a 
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wind-furnace, placed in the midst of the charcoal. When the fuel is 
half consumed, it must be replenished, and suffered to burn out. 
The pieces will be found, retaining their original shapes, among the 
ashes, from which they may be separated by the blast of a pair of bel- 
lows. They must be preserved in a well-stoppe#phial. 

This phosphorus, after being exposed a few minutes to the sun's 
jays, shines in the dark sufficiently to render visible the dial of a 
watch. This property is lost by repeated use, in consequence of the 
oxygenation of the sulphur ; but may be restored by a second cal- 
cination. 

(*) Sulphate of barytes, when artificially formed and calcined, 
contains in 100 parts, 

Base. Acid. 

According to Klaproth .... 66.55 . 33.45 

; Mr. A. Aikin* . 66:04 . 33.96 

. Mr. J. Thomsonf . 66.96 . 33.04 

BertholletJ . . 66.50 . 33.50 

The determination of Berthollet, being nearly a mean of the 
three last, may be considered as sufficiently accurate. The results of 
other chemists, and especially of Thenard and Chenevix, are so re- 
mote from the above, that it is probable some source of fallacy has 
insinuated itself into their experiments. The native sulphate, ac- 
cording to Klaproth, is composed of one third acid and two thirds 
base. (Contributions, i. 377.) 

Art. 5.— Sulphate of Strontites. 

I. This salt resembles, very nearly, the sulphate of barytes. It 
may be formed in a similar manner, by pouring the solution of pure 
strontites into diluted sulphuric acid, or into the solution of an alka- 
line sulphate ; for it has a stronger affinity than any of the alkalis for 
sulphuric acid. It is soluble in 3840 parts of boiling water. 

II. The sulphate of strontites is also found native in considerable 
quantities ; chiefly at Aust Passage, and at other places in the neigh« 
bourhood of Bristol. As the native carbonate is now becoming 
scarce, this compound may be advantageously employed for procur- 
jng artificial carbonate of strontites. The process is precisely similar 
to that already prescribed for decomposing the sulphate of barytes. 
(Art. 4,5-.) 

According to a considerable majority of the chemists who have 
analyzed it, it consists of 

* Nicholson's Journal, xxii. 301. f Nicholson's Journal, xxiii. 174. 
$ Memoires d'Arcueil, ii. 
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42 acid 

58 strontitcs 

100 
Vauquelin, however, has stated that it is composed of 46 acid and 
54 base. 

Art. 6. — Sulphate of Lime. [See note 24 at the end of this vol.] 

I. The sulphate of lime is formed, by adding to the carbonate a 
sufficient quantity of sulphuric acid; and by gently calcining the 
residue, to expel the redundancy of the latter acid. It is also found 
native, in great abundance, under the names of gypsum, plaster of 
Paris, Sec. 

II. It has the following properties : 

1 . It is insipid and free from smell. 

2 . It is difficultly soluble, requiring 500 times its weight of cold 
water, or 450 of hot water. 

3. It is fusible by a moderate heat. When sulphate of lime, 
which has been dried at 160° Fahrenheit, is exposed to a low red- 
heat, it loses 22 per cent, of its weight, consisting entirely of water. 
After calcination, it absorbs water rapidly, and forms a good cement. 

4. It is decomposed by carbonates of alkali, a double exchange of 
principles ensuing. Hence the milkiness which ensues on adding 
carbonate of potash to most spring waters ; the carbonate of lime, 
which is generated, being less soluble than the sulphate. Hence, 
also, hard waters, which always contain sulphate of lime in solution, 
curdle soap, the alkali of which is detached by the sulphuric acid, 
and the oil is set at liberty. 

5. It is decomposed by ignition with charcoal, which separates 
the oxygen of the sulphuric acid, and leaves a combination of lime 
with sulphur. 

By dissolving 100 grams of calcined sulphate of lime in boiling 
distilled water, and adding muriate of barytes, I obtained a precipi- 
tate', which, when well washed, dried, and calcined in a low red-heat, 
weighed 175.9. Hence 100 parts of caicined sulphate of lime must 
contain very nearly 

59 sulphuric acid 

41 lime 

100 
This determination very nearly agrees with that of Mr. James 
Thomson, who has given, instead of the above numbers, 58 acid, and 
A-2 base. (Nicholson's Journal, xxjii. 182.) 



254 SULPHATES. OSA.P. XH. 

Art. 7.—-Sul/ihate of Magnesia. 

I. When highly concentrated sulphuric acid is suddenly added to 
fresh prepared and pure magnesia, prodigious heat and vapour are 
excited, and are accompanied frequently with an extrication of light. 
This appearance was first observed by Westrumb. 

II. If the carbonate of magnesia be added to diluted sulphuric 
acid, the carbonic acid is expelled, and a solution of sulphate of mag- 
nesia is formed, which crystallizes on cooling. Crystals of sulphate 
of magnesia may also be procured in the shops, under the name of 
Epsom salt. 

III. These crystals have the following properties : 

1. They have the form of small quadrangular prisms, surmount- 
ed by quadrangular pyramids with dihedral summits. 

2. At the temperature of 60°, this salt is soluble in an equal 
weight of cold water, and in three fourths its weight of boiling water, 
which thus receives an addition of one fourth of its bulk. 

3. It effloresces in the air, and is slowly reduced to powder. 
When exposed to a low red-heat, it undergoes the watery fusion, 
but is not volatilized. It loses, however, about one half its weight, 
which is water of crystallization. 

4. One hundred grains of sulphate of magnesia, deprived, by cal- 
cination in a low red-heat, of its water of crystallization, afforded me 
200 grains of sulphate of barytes when precipitated by the muriate of 
the latter earth. Hence 100 grains of dry sulphate of magnesia ar» 
composed of 67 acid and 33 magnesia, and the crystallized salt, sup- 
posing it to contain half its weight of water, will consist in 100 parts 
of 

50 water 

33.5 sulphuric acid 

16.5 magnesia 

5. Its solution is precipitated by carbonates of potash and of so- 
da ; but not by carbonate of ammonia, unless heat is applied. The 
carbonate of magnesia of the shops is prepared, by mixing together 
concentrated and hot solutions of carbonate of potash and sulphate of 
magnesis. The sulphate of potash, thus formed, is removed by copi- 
ous washing with water, and the carbonate of magnesia is thenjlried. 
The proportions employed are filtered solutions of equal weights of 
the two salts, each in its own weight of boiling water. One hundred 
parts of the desicated sulphate give about 7 1 of "sub-carbonate of 
magnesia, or about 3 1 .6 of the pure earth. 

6. When a dilute solution of carbonate of soda is mixed with a 
dihite solution of sulphate of magnesia, and the sub-carbonate which 
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is formed, if any, is separated by filtration, crystals of carbonate of 
magnesia, after some time, shoot in the liquid, containing a larger 
proportion of carbonic acid, and already described, chap. x. sect. 4. 
When solution of pure ammonia is added to that of sulphate of mag- 
nesia, part of the earth is precipitated. The rest remains in solu- 
tion, and, by evaporation, a triple salt is formed consisting of sulphu- 
ric acid, magnesia, and ammonia, and called ammoniac o-magnesian 
sulfihate. 

Art. 8. — Sulfihate of Alumine. 

The properties of this salt may be exhibited by those of the com- 
mon alum of commerce ; though, as will alterwards appear, alum is 
not merely a combination of this earth with sulphuric acid ; but is a 
triple salt, composed either of sulphuric acid, alumine, and potash ; 
or of sulphuric acid, alumine, and ammonia. It has the following 
characters. 

(c) It has a sweetish astringent taste. 

(b) It dissolves in water, five parts of which, at 60°, take up one 
of the salt, but hot water dissolves about three fourths of its weight. 

(c) This solution reddens vegetable blue colours ; which proves 
the acid to be in excess. 

(d) When mixed with a solution of carbonate of potash, an effer- 
vescence is produced by the uncombined acid, which also prevents 
the first portions of alkali, that are added to a solution of sulphate of 
alumine, from occasioning any precipitate. 

(e) On a farther addition of alkali, the alumine is precipitated. 

(/") Sulphate of alumine, when heated, swells up, loses its regu- 
lar form, and becomes a dry spongy mass ; but, according to Vauque- 
lin (Annates de C/iimie, xxxvii. 9 1 ), the whole of its acid cannot thus 
be expelled. 

Qf) The combination of sulphuric acid with alumine is incapable 
of crystallizing without an admixture of sulphate of potash, which 
forms a constituent of all the alum of commerce. According to 
Vauquelin, 100 parts consist of 49 dry sulphate of alumine, 7 sul- 
phate of potash, and 44 water. Or 100 grains are composed of 

Acid . . 30.52 

Alumine . 10.50 

Potash . 10.40 

Water . 43.5 S 



100.00 
The acid, perhaps, in the above estimate, is rated a little too lo\y; 
ferr alum, when precipitated by muriate of barytes, gives, as nearly as 
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possible, an equal weight of sulphate of ban ic ,, 100 grains of which 
contain 33.5 of sulphuric acid, the quantity, therefore, present in 
100 parts of alum. 

Common alum may be brought to the state of a saturated salt by 
boiling its solution with pure and fresh preciptated alumine. The 
compound has the form of a white and tasteless powder, very sparing- 
ly soluble in water, not crystallizable, and not fusible when heat is ap- 
plied. 

(A) Alum is decomposed by charcoal, which combines with the 
oxygen of the sulphuric acid, and leaves the sulphur attached to the 
alumine. A combination of alumine, sulphur, and charcoal, forms 
the fiyrofihorus of Romberg. To prepare this, equal parts of pow- 
dered alum and brown sugar are melted over the fire, and are kept 
stirring till reduced to dryness. The mixture, when cold, is to be 
finely powdered, and introduced into a common phial, coated with 
clay, to which a glass tube, open at each end, is to be luted, to allow 
the escape of the gases that are produced. The phial must then be 
set in the fire, surrounded by sand, in a crucible. Gas will issue 
from the open end of the tube, and may be inflamed by a lighted pa- 
per. When this ceases to escape, the crucible may be removed from 
the fire, and a little moist clay pressed down upon the open end of the 
tube, to prevent the access of air to the contents of the phial. 
When cold, the tube may be removed, and a cork substituted in its 
place. The principal difficulty in the process, is to stop it precisely 
at the period, when the pyrophorus is formed ; for if the heat be con- 
tinued longer, the sulphur will be sublimed, and the preparation spoil- 
ed. 

The pyrophorus thus formed is a black and light powder, which 
instantly takes fire when poured out of the bottle into the air, and in- 
flames suddenly in oxygen gas. Sulphate of potash appears to be es- 
sential to its production, and hence the sulphuret of potash is a ne- 
cessary ingredient. From the recent discoveries of Mr. Davy, it ap- 
pears not improbable that this pyrophorus may contain sulphuret of 
potassium. The principal part of the phenomena, however, arc ow- 
ing to the combustion of an extremely light and finely divided char- 
coal. 

Art. 9. — Suljihate of G lit cine. 
Giucine combines readily with sulphuric acid, both in its pure 
and carbonated state. The resulting salt is extremely soluble ; inso- 
much that, when evaporated, it assumes the form of a syrup, without 
crystallizing. Its taste is sweet, and rather astringent. It is decom- 
posed entirely in a high temperature, the earth being left in a state of 
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purity. It is also destroyed by ignition with charcoal. It does not 
yield its earthy ingredient to any of the acids ; but is decomposed by 
all the alkalis and earths, alumine excepted. 

Art. 10.- -Sulfi hate of Zirco?i. 

To effect the combination of zircon with any acid, this earth 
should be fresh precipitated ; for, after being dried, it enters with dif- 
ficulty into union. 

The salt, resulting from the union of sulphuric acid with zircon, 
is white, insoluble, and without taste. It is decomposed by a high 
temperature, which expels the acid, and leaves the zircon pure. It 
is not changed by other acids, but yields its sulphuric acid to the al- 
kalis, and to most of the earths. 

Art. 11. — Sulphate ofYttria. 

Sulphuric acid readily dissolves yttria, and caloric is evolved dur- 
ing the process. As the solution goes on, the sulphate crystallizes in 
small brilliant grains, which have a sweetish taste, but less marked 
than that of the sulphate of glucine. Their colour is a light ame- 
thyst red. They require 30 parts of water, of the temperature of 60°, 
for solution, and give up their acid when exposed to a high tempera- 
ture. They are decomposed by oxalic acid, prussiate of potash, infu- 
sion of galls, and phosphate of soda. 

SECTION V. 

Sulphites. 

I. The combination of sulphurous acid with alkaline and earthy 
bases, may be effected by passing the gas, as it proceeds from the 
materials (sect. 2. //), through the base, dissolved or diffused in wa- 
ter. An intermediate vessel may be placed, as represented, fig. 30 
and 3 1 , to condense any sulphuric acid that may pass over ; and the 
solution of the alkali or earth may be contained in a bottle with two 
necks. Pure potash, soda, or ammonia are readily kept in solution: 
but barytes or strontites must be dissolved in boiling water ; and the 
bottle containing them must be surrounded with hot water, while the 
gas is transmitted through the solution. The solution, when saturat- 
ed with gas, may be evaporated ; and this is best done in an alembic, 
covered with its capital, because the salts of this class are changed by 
the action of the atmosphere. 

II. The sulphites have no peculiarly interesting properties, that 
•an entitle them to minute ajid specific description, in a work devoted 

Vol. J 33 
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solely to the students of chemical science. I shall enumerate, there- 
fore, only the principal ones ; and refer, for farther information, to 
the 2d and 24th volumes of the Annates de C/iimie,and to Dr. Thom- 
son's memoir in Nicholson's Journal, vi. 94. Their general qualities 
are the following : 

1 . They have a disagreeable taste and smell, resembling that of 
the fumes of burning sulphur. 

2. When heated, they emit sulphurous acid and water, and then 
sulphur, which, on the application of an inflamed substance, takes fire, 
and burns violently. 

3. Exposed to the atmosphere, in a state of solution, they absorb 
oxygen, and are slowly changed into sulphates. 

4. When added to nitric acid, red fumes arise, and the salts be- 
come sulphates. Oxygenized muriatic acid produces the same ef- 
fect. Concentrated sulphuric acid expels sulphurous acid gas, which 
may be collected over mercury. 

5. When perfectly pure, sulphites are not precipitated by a solu- 
tion of pure barytes or strontites, or by any of the salts with base of 
either of those earths. If a precipitation ensue, it indicates the pre- 
sence of a portion of sulphate. 

Sulphite of potash crystallizes in the form of lengthened 
rhomboidal plates, or of needles, which have sometimes a slight yel- 
lowish tinge. It has a pungent and sulphurous taste, and is soluble 
in an equal weight of cold, or in less than an equal weight of boiling 
■water. At the temperature of 300° Fahrenheit, it loses only about 2 
per cent. ; but when more strongly heated, the salt is decomposed, 
and sustains a loss of about 22 per cent., of which 15 are sulphurous 
acid, 5 sulphur, and 2 water. When thrown into a red-hot crucible, 
a blue flame r.rises from it, and its weight is diminished in the pro- 
portion which has just been stated. When its solution is exposed to 
the air, the salt slowly attracts oxygen, and is converted into sulphate 
of potash. This change goes on more rapidly in oxygen gas ; or 
when it is mixed with any substance holding oxygen in loose combi- 
nation, as nitric cr oxymuriatic acid. It contains, in 100 parts, from 
Dr. Thomson's experiments, 

43.5 acid 

54.5 potash 
2 water 



l;)0 
Sulphite of soda forms compressed tetrahedral prisms with 
dihedral summits. It requires for solution less than its own weight 
of boiling water, cr four times its weight of cold water. It effloresces 
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in the air, but much less perfectly than the sulphate of soda. It is 
composed, according to Dr. Thomson, of 

31 acid 
18 soda 
51 water 

100 

Sulphite of ammonia crystallizes in hexahedral prisms, ter- 
minated by pyramids with the same number of sides, or in rhomboidal 
prisms with trihedral summits. It is soluble in an equal weight of 
cold water, or in less than an equal weight of boiling water. It deli- 
quiates in the atmosphere, and absorbing oxygen is changed into sul- 
phate of ammonia, which becomes dry. 

Sulphite of barytes, like the salt formed by uniting the same 
base with sulphuric acid, is almost insoluble. When united with an 
excess of sulphurous acid, however, (which may be done by dissolv- 
ing the white powder, that is first formed, in liquid sulphurous acid), 
it forms a crystallizable salt, still of sparing solubility. The solution 
of this salt may be advantageously used to purify the solution of any 
sulphite from sulphuric acid, which it precipitates in the state of an 
insoluble sulphate of barytes. 

Sulphite of lime is also insoluble, but may be crystallized by 
being first dissolved in liquid sulphurous acid. In this state it re- 
quires 800 parts of water for solution. 

Sulphite of magnesia differs from the sulphate of this earth in 
being vastly less soluble. in water, of which it requires 20 parts at the 
common temperature. Hot water takes up a farther portion, which 
is deposited on cooling. 

Sulphite of alumine is not crystallizable, but has the form oi 
a white soft powder, insoluble in water, but soluble in an excess of 
acid. It consists, according to Dr. Thomson, of 

32 acid 

44 aluminc 
24 water 



100 



SECTION VI. 

Binary Compounds of Suljihur. — 1st, With Alkali* — 2d, With 
Hydrogen. 

Art. 1. — Suljihurcts, 
f . The combination of sulphur, with the fixed alkalis and earth, 
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may be formed by fusing together, in a covered crucible, equal parts 
of sulphur and the respective alkali or earth with which it is to be 
combined. The compound is to be poured, when in a state of fusion, 
into an iron dish, or upon a smooth stone ; and preserved in a well- 
closed bottle. These compounds have, for the most part, a reddish 
brown or liver colour ; and hence were formerly called he/tars or liv- 
en of sulphur. They may be formed, also, by fusing the alkaline 
or earthy sulphates with powdered charcoal ; but in this case, the 
sulphuret generally contains a portion of carbonic acid, and also of 
charcoal. 

Sulphuret of lime, when intended for the purpose of Ca?iton's 
J>/io.?fihorus, is best prepared, by placing, in a crucible, alternate 
sjtrata of calcined and pounded oyster-shells and sulphur ; exposing 
them to a moderate heat ; ar.d then confining them in a bottle with 
ground stopper. Or, according to the original directions of Canton, 
three parts of oyster-shells, calcined for about an hour and pulveris- 
ed, are to be mixed with one of sulphur, and rammed tightly into a 
crucible, which is to be kept red-hot for about an hour. The com- 
pound, when cold, has the properties already assigned to the Bo- 
lognian phosphorus. 

II. Sulphurets have the following properties : 

(a) In a moist state they emit an offensive smell, and have a dis- 
agreeable taste. 

(b) They change to green the colour of violets, in the same 
manner as uncombined alkalis. 

(c) They blacken the skin, silk, and other animal substances. 

(d) They are decomposed by all acids. Into a Nooth's machine 
put a weak solution of sulphuret of alkali, and pass through it 
streams of carbonic acid gas. In the course of a few days, the sul- 
phur will be precipitated, and a carbonate of alkali will be obtained. 
This decomposition ensues, instantly, on adding, to a solution of sul* 
phuret, any of the stronger acids, as the sulphuric, nitric, or muriat- 
ic ; and we obtain a compound of the' alkali with the respective acid 
employed. 

(<?) The liquid sulphurets absorb oxygen gas. This may be 
shown by the experiments already described (chap. v.). If the 
change thus effected be examined, it will be found that the oxygen 
has combined with the sulphur, and formed sulphuric acid, which, 
uniting with the alkali, has composed the sulphate of potash. 

(/) If dilute muriatic acid be poured on the solution of sulphu- 
ret of potash or soda, a violent effervescence will ensue, and a very 
offensive gas be disengaged. This gas may bo collected over water. 
It is termed sulphuretted hydrogen gas. 



>EOT. VI. SULPHURETTED HYDROGEN. 261 

A RT , 2. — Sulphuretted Hydrogen Gas. 

I. This gas may be obtained in the foregoing manner, or from a 
mixture of three parts by weight of iron filings and one of sulphur, 
previously melted together in a covered crucible. A portion of the 
fused mass maybe put into a gas bottle, and diluted sulphuric of mu- 
riatic acid poured on it, which will extricate the sulphuretted hydro- 
gen gas. 

Sulphuretted hydrogen gas may be formed, also, by simply heat- 
ing sulphur in a retort along with hydrogen gas. - By thus dissolving 
sulphur, the bulk of the hydrogen gas is not at all altered. 

When metals are heated with sulphur, at the moment of combi- 
nation sulphuretted hydrogen gas is evolved. 

II. Its properties are the following : 

(a) Its smell is extremely offensive, resembling that of putrefy- 
ing eggs. 

(A) It is inflammable, and burns either silently or with an explo- 
sion, according as it is previously mixed, or not, with oxygen gas or 
atmospheric air. During this combustion, water results from the 
union of the hydrogen with the oxygen, and sulphuric and sulphu- 
rous acids from that of the oxygen and sulphur. 

When three parts of sulphuretted hydrogen are mingled with two 
of nitrous gas, the mixture, on being inflamed, burns with a yellowish 
green flame. 

(c) It tarnishes silver, mercury, and other polished metals, and 
instantly blackens white paint. 

(gQ It is absorbed by water, which takes up its own bulk, and 
thus acquires the peculiar smell of the gas. It is this gas which 
gives to the Harrogate, and some other natural waters, their disar 
greeable odour. 

(e) Water, saturated with this gas, reddens the infusion of violets, 
in this respect producing the effect of an acid. From this and other 
properties, some of the German chemists have proposed for it the 
name of Iiydrothionic acid. 

(/') Water impregnated with sulphuretted hydrogen, when ex- 
posed to the atmosphere, becomes covered with a pellicle of sulphur. 
Sulphur is even deposited when the water is kept in well-closed bot- 
tles. 

(g) On the addition of a few drops of nitric or nitrous acid to the 
watery solution, sulphur is instantly precipitated.. In this case the 
oxygen of the acid combines with the hydrogen of the gas, and the 
sulphur is separated. 

(A) This gas, as will afterwards appear, is decomposed by mix- 
ture with oxygenized muriatic acid gas : and sulphur is precipitated. 



* HTDRO-SULPHUHE1S. 0HA1'. XII. 

CO It is decomposed also when kept in a state of mixture with 
atmospheric air, the oxygen of which combines with the hydrogen, 
and forms water, while the sulphur is precipitated. 

(£) A succession of electric explosions throws down sulphur 
from it, and the volume of the gas remains unaltered. 

(/) When sulphuretted hydrogen gas and sulphurous acid gas 
are mingled together, the hydrogen of the former unites with the 
oxygen of the latter, and the sulphur of both is precipitated. 

(m) It is decomposed when passed over ignited charcoal, and is 
converted into carburetted hydrogen gas. 

(n) Sulphuretted hydrogen, according to Thenard, is composed, 
in 100 parts, of 29 hydrogen, and 71 sulphur. One hundred cubic 
inches weigh 38.17. Mr. Kirwan (Philosophical Transactions, 1786) 
states the weight of the same quantity, at the temperature of 60°, 
and under 30 inches pressure, at only 34.286 grains. From his ex- 
periments, also, 100 grains should consist of 
89 sulphur 
1 1 hydrogen 

100 
This result differs so considerably from Thenard's, that one or 
both may be suspected of inaccuracy. 

From the late experiments of Mr. Davy (Philosophical Transac- 
tions), it appears that sulphuretted hydrogen contains a volume of 
hydrogen equal to its own. He considers 100 cubical inches as 
weighing 35 grains ; from which it may be concluded that 100 parts 
contain about 6.5 hydrogen and 94.5 sulphur. 

(o) It precipitates, both in the state of a gas and of watery im- 
pregnation, all metallic solutions, excepting those of iron, nickel, co- 
balt, manganese, titanium, and molybdena. 

(/>) It is copiously absorbed by alkalis, and by all the earth, ex- 
cepting alumine and zircon. These alkaline and earthy combinations 
are termed hydro-sulphurets. 

Some very curious phenomena were observed by Mr. Davy in 
his experiments on the action of potassium on sulphuretted hydrogen, 
which seem to show that either the gas itself, on the sulphur dissolved 
in it, may contain oxygen as one of its elements. 

Potassium burns brilliantly when heated in sulphuretted hydro- 
gen, and its inflammability is destroyed in the process, and it becomes 
a sulphurtt, which from its properties would appear slightly oxy- 
genated. 

Art. 3. — Hydro-Sulfihurels. 
In its union with alkaline and earthy bases, sulphuretted hydro- 
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gen seems to perform, in a great measure, the functions of an acid ; 
and presents, therefore, an important exception to the doctrine of ac- 
idification ; for, in this instance, a body, which, if it contain oxygen at 
all, contains it dnly in very minute proportions, possesses some of the 
most important characters of an acid, viz. the property of changing 
vegetable blues to red, and of uniting with alkalis. 

I. The hydro-sulphurets may be formed, by transmitting sul- 
phuretted hydrogen gas, as it issues from the materials that afford it, 
through a solution of the alkaline or earthy base. Or the base, when 
insoluble, must be kept suspended in water by mechanical agitation. 

II. The hydro-sulphurets have several qualities common to the 
whole genus. 

1 . They are all soluble in water, and the recent solution is col- 
ourless. By exposure to the air, however, it first becomes green, or 
greenish yellow, and deposits sulphur on the sides of the vessel. 
The glass bottle, containing the solution, becomes black on its inner 
surface, in consequence of the combination of sulphur with the oxide 
of lead contained in the glass. 

2. After long exposure to the atmosphere, the solution entirely 
loses its colour, and again becomes perfectly limpid. When exam- 
ined, it is found to consist of a combination of sulphuric acid with the 
peculiar base of the hydro-sulphuret. This is owing to the absorp- 
tion of oxygen, which all hydro-sulphurets take from the atmosphere ; 
the formation of a sulphite ; and the conversion of this, by farther 
oxygenation, into a sulphate. Hence, when confined in contact with 
a limited quantity of atmospherical air, hydro-sulphurets effect a dim- 
inution of volume ; and may be employed to ascertain its proportion 
of oxygen. They entirely absorb pure oxygen gas. 

3 When an acid is poured on any of the hydro-sulphurets, the 
sulphuretted hydrogen gas is disengaged and no sulphur is deposited. 
This non-precipitation of sulpur distinguishes hydro-sulphurets, both 
from sulphurets, and hydroguretted sulphurets. The acid employed 
should be one which strongly retains its oxygen, such as the sulphu- 
ric or muriatic ; otherwise it will probably be decomposed. A hy- 
dro-sulphuret, which has been a few days exposed to the air, yields, 
by this treatment, sulphurous acid gas, along with sulphuretted hy- 
drogen. 

4. The solutions of hydro-sulphuret* precipitate all metallic so- 
lutions. They also precipitate alumine and zircon from their solu- 

■ i is, but no other earths. 

5. The hydro-sulphurets are, for the most part, susceptible of a 
ularly crystallized form. 

(IVDRO-SUI.PHL-RET or POT \SH forms !;' 
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not unlike in size those of sulphate of soda, but having the shape of 
four-sided prisms, acuminated with four planes ; or of six-sided 
prisms acuminated by six planes. It is deliquescent, and affords a 
thick syrupy liquor, which gives a green colour to the skin. It dis- 
solves readily in water and alcohol, producing cold. When dilute 
acids are added to the solution, a brisk effervescence is excited, but 
no sulphur is deposited. 

Hydko-sulphuret of soda is a compound, which derives some 
importance from its being produced along with carbonate of soda, in 
several processes for decomposing the sulphate of soda.* It is trans- 
parent at first, colourless, and crystallized in four sided prisms acu- 
minated by four planes. It has an acrid and alkaline taste, which 
soon becomes very bitter. Its solution is colourless, but tinges the 
skin or paper green. It effervesces briskly with acids, and no sul- 
phur is deposited unless the nitric or oxymuriatic acids are added, 
which oxidate the hydrogen, and throw down sulphur. 

Vauquelin has proposed to distinguish these two sulphuretSj 
whibh so closely resemble each other, by the fullowing test. The 
hydro-sulphuret of potash, when added to a solution of alumine, oc- 
casions a crystallization of alum ; but that of soda has no such action. 

Hydro-sulphuret or ammonia may be formed by the direct 
mixture of sulphuretted hydrogen and ammoniacal gases over mer- 
cury. But, for all practical uses, it is better prepared by putting a 
solution of pure ammonia into the middle of a Nooth's machine, and 
passing through it streams of sulphuretted hydrogen gas, till the li- 
quid acquires a yellowish colour. In this state, it continues the hc- 
patized ammonia, so strongly recommended as a remedy of diabetes. 

Hydro-sulphurets of barytes and strontites are crys- 
tallized salts, having a white silky lustre, and readily soluble in wa- 
ter.! 

Hydro-sulphuret of lime, formed by transmitting sulphuretted 
hydrogen through water, in which lime is kept mechanically suspend- 
ed, composes a crystallizable salt, soluble in water ; and having the 
general properties of hydro-sulphurets. 

Art. 4. — Su/ier-Sulfihuretted Hydrogen, and Hydrogurettcd 

Sulfthuret*. 

Super-sulphuretted hydrogen is obtained, when hydro-sulphuret 

of potash is poured, by little and little, into muriatic acid. A very 

small portion only of gas escapes ; an3 while the greater part of the 

sulphur separates, one portion of it combines with the sulphuretted 

* Annates de Chimie, btiv. 59. f See Annates de Chimie, lxii. 181- 
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hydrogen ; assumes the appearance of an oil ; and is deposited at the 
bottom of the vessel. Or dissolve sulphur in a boiling solution of 
pure potash ; and into a phial, containing about \ its capacity of mu- 
riatic acid, of the specific gravity 1.07, pour about an equal bulk of 
the liquid hepar. Cork the phial, and shake it ; tlve hydroguretted 
sulphur gradually settles to the bottom. Its properties are the fol- 
lowing : 

1. If gently heated, sulphuretted hydrogen gas exhales from it; 
the super-sulphuret loses its fluidity ; and a residue is left, consisting 
merely of sulphur. 

2. It combines with alkalis and earths ; and forms with them a 
class of substances called hydroguretted sulphurets. 

There are, therefore, three distinct combinations of sulphur and 
its compounds with alkalis and earths. The first consist, simply, of 
sulphur, united with an alkaline or earthy base, and are called strictly 
sul/ihurets. The second are composed of sulphuretted hydrogen, 
united with a base, and are called hydro-sulfihurets . The third con- 
tain super-sulphuretted hydrogen, attached to a base, and constitute 
hydroguretted sul/ihurets. 

The sulphurets can exist, as such, only in a dry state ; for the 
moment they begin to dissolve in water, a decomposition of that fluid 
commences ; sulphuretted hydrogen is formed ; and this, uniting with 
an additional dose of sulphur, composes super-sulphuretted hydrogen. 
This last, uniting with the base, forms an hydroguretted sulphuret, 
Hence the sulphurets are partly changed, by solution, into hydrogu- 
retted sulphurets. The solution, however, still contains a propor- 
tion of sulphur so considerable, that we may consider it as composed, 
in part, of liquid sulphuret. Hence the affusion of an acid throws 
down a large quantity of sulphur. A distinguishing character, also, 
©f solutions of this kind is, that sulphur is precipitated by passing 
through them sulphuretted hydrogen gas. 

According to Proust, if red oxide of mercury be added to solutions 
of the kind which have just been described, the sulphuretted hydro- 
gen is removed, and what remains is a pure liquid sulphuret, from 
which acids precipitate sulphur alone, without any effervescence. 

II. The hydroguretted sulphurets are also formed by boiling, 
along with a sufficient quantity of water, the alkaline, or earthy base, 
with flowers of sulphur. Thus a solution of pure potash, pure soda, 
•r of barytes or strontites, may be changed into an hydroguretted sul- 
phuret. To prepare this compound, with base of lime, the powdered 
earth, mixed with sulphur, may be boiled with a proper quantity of 
neater, and the solution filtered. The hvdroguretted sulphuret of 
Vol. T. 
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ammonia (which base cannot, in strictness, owing to its liquid form, 
compose a true sulphuret) may be prepared as follows : Mix togeth- 
er, in a mortar, three parts of hydrat of lime, one part of muriate of 
ammonia, and one of flowers of sulphur. Introduce the mixture into 
a retort, and apply a receiver. Begin the distillation with a gentle 
heat. The first liquor, that comes over (long known under the name 
of Boyle's Fuming Lujuor), has a light yellow tinge, and emits 
fumes ; the second has a deeper colour, and is not fuming. When 
the latter begins to appear, the fire may be raised. 

Another method of forming, by a very simple process, the hydro- 
guretted sulphurets, consists in digesting, in a gentle heat, a hydro- 
sulphuret with powdered sulphur, an additional portion of which is 
thus dissolved by the sulphuretted hydrogen. 

Hydroguretted sulphurets have the following properties : 

1 . They have a deep greenish yellow colour ; an acrid and in- 
tensely bitter taste ; and an excessively offensive smell. 

2. They deposit sulphur when kept in close vessels ; become 
much more transparent and lighter coloured ; and less offensive to 
the smell. 

3. They rapidly absorb oxygen from the atmosphere, and from 
oxygeii gas. Hence their employment in eudiometry. (See chap, 
v. sect. 4.) 

4. On the addition of dilute sulphuric, or muriatic, or of certain 
other acids, they are decomposed. Sulphuretted hydrogen gas is 
evolved, and sulphur is precipitated. 

Hydroguretted sulphurets of potash and of soda differ 
very little from each other. They may be formed by boiling solu- 
tions of pure potash or soda with flowers of sulphur. When very 
concentrated, they have a deep reddish brown cohour, a nauseous 
taste, a disagreeable odour, and a soapy feel, tinging the cuticle black. 
When exposed to the air, a thin pellicle of sulphur forms upon their 
solutions, which, by sufficiently long exposure, are changed into sul- 
phates. When an acid is suddenly added, sulphur is thrown down, 
which becomes, when washed with sufficient water and dried, almost 
white, and constitutes what has been called precipitated sulphur, 
milk of sulphur, or magistery of sulphur. 

Hydroguretted sulphuret of ammonia may be formed by 
the process already described, or by digesting hydro-sulphuret of am- 
monia with sulphur, a portion of which is dissolved. 

Hydroguretted sulphuret of barytes is obtained by boil- 
ing crystals of pure barytes with one fourth their weight of sulphur 
and sufficient water. Two compounds are formed, viz. an hydrogu- 
retted sulphuret, which has a red colour and remains in solution ; 



SECT. VI. HYDROGURETTED SULPHURETS. 267 

and colourless crystals, which are supposed to be a hydro-sulphuret 
of barytes. Strontites forms similar compounds. 

Hydroguretted sulphuret of lime is formed by boiling hy- 
drate of lime with a third its weight of sulphur and ten tinv„s its 
weight of water. The compound has a deep orange colour, and is 
of importance from its application to eudiometrical purposes. 

Liquid Sulphuretted Hydrogen. 

The existence of a liquid carburet of sulphur, or compound of 
carbon and sulphur, was for some time acknowledged, chiefly on the 
authority of Clement and Desormes, who gave that name to a sub- 
stance originally discovered by Lampadius. It has since however 
been attentively investigated by Berthollet junior,* and has been 
proved by him to be, as Lampadius originally supposed it, a combi- 
nation of hydrogen and sulphur, without any proportion of carbon es- 
sential to its constitution. 

To prepare this substance, a coated porcelain tube, partly filled 
with small pieces of charcoal, may be disposed in a furnace as repre- 
sented fig. 40, c c, one end being placed higher than the other. To 
this end may be adapted a glass tube, open at both ends, containing 
small bits of sulphur ; and, to the other end, by means of an adopter, 
is to be fixed a curved tube, passed into water contained in a two- 
necked bottle. The part of the tube, containing the charcoal, may 
then be made red-hot ; and, when this happens, the bits of sulphur 
are to be pushed forwards, one by one, by means of a wire, carefully 
excluding air. As soon as the sulphur comes into contact with the 
charcoal, bubbles of gas will be produced in great abundance, and a 
vapour will appear, which will condense, under the water in the bot- 
tle, into a liquid. This liquid has several remarkable properties. 

1 . It is nearly transparent like water ; its specific gravity is about 
13 to 10; and, when shaken in a phial, it adheres, in drops, to the 
side like oil. Its smell is similar to that of sulphuretted hydrogen, 
but has more pungency. It it extremely volatile ; and, when drop- 
ped upon the hand, produces a sense of cold by its rapid evaporation. 
When admitted to a confined portion of atmospheric air, it enlarges 
the bulk of the air ; and the mixture bums with a blue flame, but 
without explosion. If oxygen gas be substituted in this experiment, 
the detonation is very violent. 

2. By its combustion, it is entirely consumed, without the pro- 
duction of carbonic acid. Oxy-inuriatic acid throws down sulphur. 
With alkaline solutions, it forms hydroguretted sulphurets. By dis- 
tillation at a low temperature, it yields sulphuretted hydrogen gas i 

* Jnnales de Chhnie, lxi. 127. 
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and a earn pound remains in the retort, which becomes solid by cool- 
ing. 

There can be no doubt, then, that this singular fluid is composed 
solely of hydrogen and sulphur; but the preeise proportions remain 
to be determined by more accurate experiments. It appears, in- 
deed, from the observations of Berthollet junior, that hydrogen and sul- 
phur are capable of uniting in several proportions, and that the densi- 
ty of the compound is regulated, probably, by the quantity of hydro- 
gen which it contains. The greater the proportion of hydrogen, the 
more elastic is the compound ; while the predominance of sulphur 
gives it a form more or less approaching to solidity. 



CHAPTER XIII. 

COMBINATION OF NITROGEN WITH OXYGEN, CONSTITUTING NITRIC 

ACID, NITROUS GAS, NITROUS OXIDE,— AND COMPOUNDS OF 

NITRIC ACTD WITH ALKALIS. 

When nitrogen and oxygen gases are mingled together, in what- 
soever proportions we employ, no combination ensues. The result 
is a simple mixture of the two gases, which do not, like inelastic 
fluids, separate on standing, bvit remain, on the contrary, diffused 
through each other for any length of time. This is the case with 
the air of our atmosphere ; and it is fortunate that such a provision 
of nature exists, since the mixture contains the elements of several 
combinations which, if actually formed, would be fatal to animal and 
vegetable life. When either one or both of these elements, howev- 
er, in any mixture of the two, is in a condensed state, or deprived of 
part of that caloric which keeps their particles at a distance from 
each other, they unite and form compounds, distinguished by very 
striking properties. According to the proportions in which the oxy- 
gen and nitrogen exist in these compounds, their qualities undergo 
a remarkable variation, so that from two simple or elementary bodies, 
variously united, we have several compounds, totally unlike each 
other in external qualities, as well as in their chemical relations. 

Before describing the compounds of oxygen and nitrogen in de- 
tail, it will contribute to perspicuity to take a general view of the 
whole. Some of them exist essentially in an aeriform state, and are 
capable of uniting with water and other liquids in only small propor- 
tion Others, again, combine with water to such an extent, that the 
liquid form is the only one under which they occur to our observa- 
tion. When entirely deprived of water, however, they arc all gase- 
ous, bodies'. 



OBAP. XIII. NITROGEN WITH OXYGEN, 2j59 

In a series of the compounds of* nitrogen, founded on their pro- 
portion of oxygen, they occupy (excluding atmospherical air from 
the number) the following order, the last containing the largest 
proportion of oxygen — nitrous oxide — nitric oxide or nitrous gas — 
nitrous acid or nitrous vapour — nitric acid — and oxy-nitric acid.* 
The two first are sparingly soluble in water ; but the three last unite 
with it largely, and form liquid compounds of decidedly acid taste 
and quality. 

The following table exhibits the composition of three of these 
bodies, the calculation being founded on the experiments of Mr, 

Davy. 

Proportion of Proportion by 

Elements by Weight. Measure. 
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nitrogen. oxygen. nitrngas. ox. gas. 

Nitrous oxide .... 63.30 36.70 100 49.5 

Nitrous gas 44.05 55.95 100 108.9 

Nitric acid 29.50 70.50 100 204.7 

That the numbers in the fourth column are not precisely simple 
multiples of those in the third, Gay Lussac imputes to the unavoid- 
able inaccuracies attendant on delicate processes for determining the 
constitution of gaseous bodies. In one instance, this was proved ex-. 
perimentally ; for M. Befard, by the combustion of potassium in 100 
measures of nitrous oxide gas, obtained exactly 50 measures of nitro- 
gen. Hence, if the table were corrected, it would stand as follows : 

Measures of 
Nitrogen. Oxygen. 

, A , 

Nitrous oxide consists of . . . 100 50 

Nitrous gas 100 100 

Nitric acid 100 200 

Or (which is the same thing) we may consider nitric acid as con^- 

stituted of 200 measures of nitrous gas,, and 100 measures of oxygen. 

To these three compounds, Gay Lussac has added a fourth, 

which he thinks entitled to rank as a distinct combination. It will 

be described, hereafter, under the name of nitrous acid vapour. 

According to his views, it consists, by measure of 

* I include this compound on the authority of Mr. Dalton, whose argu- 
ments for its existence will appear in the second part of his " New System of 
Chemical Philosophy," now in the press. They are derived, chiefly, from the 
proportions in which nitrous and oxygen gases unite, — proportions resulting 
from his own experiments, and differing considerably from those assigned bv 
GTay JLAtsSaci 
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Nitrous gas. Oxygen gas. 
300 TOO 

And as nitrous gas itself contains half its bulk of oxygen gas, 
nitrous acid vapour must be formed by the union of 1 50 measures 
of nitrogen with 250 measures oxygen gases. And it will, therefore, 
consist by weight of 

34.507 nitrogen, 
65.493 oxygen. 

In all these compounds, the elements are in a state of condensa- 
tion, except in nitrous gas, in which the nitrogen and oxygen are 
supposed by Gay Lussac to he precisely in the same state, as in ni- 
trogen and oxygen gases. With respect to the other compounds, the 
condensation, he apprehends, is exactly that of the oxygen gas. For 
example, as 100 measures of nitrogen gas and 50 measures of oxy- 
gen gas go to form nitrous oxide, the condensation is 50 measures ; 
and we obtain only 100 of nitrous oxide. On the same principle 100 
measures of nitrogen gas and 200 of oxygen gas should form only 
100 of nitric acid gas. 

The observation of these remarkable coincidences, between the 
proportion of elements in the compounds of nitrogen with oxygen, 
and that of numbers which are simple multiples of each other, has 
led Gay Lussac to examine how far the law applies to other gaseous 
bodies. In many other instances, he has found that the facts concur 
jto establish the general conclusion, that aeriform bodies unite in 
measures, which are simple multiples of each other ; and that when 
all inaccuracies are avoided in the experiments, they do not combine 
in any proportions intermediate between these. The contraction of 
volume, produced by their combination, follows also, he supposes, 
whenever it occurs, a general law ; in the compounds of oxygen for 
example, the condensation is that of the oxygen gas. 

These deductions, however, require, for their establishment, a 
broader groundwork of facts than the state of the science at present 
supplies. They derive, it may be observed, additional probability 
from their coincidence with the views of Mr. Dalton, to which, in- 
deed, they bear so strong a resemblance, that it is scarcely possible 
to suppose they were not suggested by the principles developed in his 
New System of Chemical Philosophy. 

SFXTION I. 

Nitric Acid. 

I. The direct combination of nitrogen and oxygen, affording a 
decisive synthetic proof of the nature of this acid, may be effected by 



3B0T. I. 



NITRIC AOII>. 271 



passing the electric siwck through a mixture of nitrogen and oxygen 
gases. The experiment is an extremely laborious one, and requires, 
for its performance, a powerful electrical machine ; but those who 
are disposed to repeat it, may proceed as follows : 

Let the tube, fig. 29, be filled with, and inverted in, mercury. 
Pass into it a portion of atmospherical air, or an artificial mixture of 
nitrogen and oxygen gases, in the proportion of one of the former to 
two of the latter. — Let an iron wire, lengthened out with one of pla- 
tina, be introduced within the tube, so that the latter metal only may 
be in contact with the mixed gases ; and let the end of ibis wire be 
distant about one fourth of an inch from the extremity of the upper 
one. When the apparatus is thus disposed, pass a series of electric 
sparks or shocks through the gases for several hours. The mixture 
will be diminished in bulk ; will redden litmus paper when enclosed 
in it ; and will exhibit distinctly the smell of nitrous acid. If the ex- 
periment be repeated, with the addition of a few drops of solution of 
potash, in contact with the gases, we shall obtain a combination of 
nitric acid with potash. 

This interesting experiment on the generation of nitric acid we 
owe to Mr. Cavendish, v. ho discovered the fact in the year 1785. 
(Philosophical Transactions, lxxv.) The proportions, which he found 
to be necessary for mutual saturation, were five parts of oxygen gas 
and three of common air, or seven parts of oxygen gas to three of 
nitrogen gas. No evolution cither of light or heat attends this com- 
bination, which is very slowly and gradually effected. 

Another synthetic proof of the production of nitric acid will be 
stated under the article nitrous gas. It is furnished by the genera- 
tion of nitrous gas, and ultimately of nitric -acid, when ammonia is 
brought into contact with the black oxide of manganese. 

For all purposes of utility or experiment, however, nitric acid is 
prepared in a different manner, viz. by the decomposition of nitrate 
of potash, in a way which will presently be described. 

II. The analysis of the acid may be obtained by driving its va- 
pour through a red-hot porcelain tube (fig. 40, cc), and receiving the 
generated gases, which prove to be a mixture of nitrogen and oxy- 
gen gases. 

III. The nitric acid has the following properties : 

(a) It is heavier than water, in the proportion of 1.5 to 1. 

In its heaviest form, however, it still contains a poition of water. 
Pure nitric acid may be considered as a gaseous body, of the specific 
gravity, compared with common air, of 2440: one hundred cubic 
inches at 55° Fahrenheit and under 30 inches pressure, weigh, ac- 
cording to Mr. Davy. ~6 grains ; or corrected to the temperature o!' 
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60° Fahrenheit, they weigh 75.21 grains. The liquid acid consists 
of this gas condensed by water, of which it contains various propor- 
tions, as is shown by the following table of Mr. Davy. 

TABLE 

Of the Quantities of True A r itric Acid in Solutions of differ en' 
Specific Gravities. 



100 Parts Nitric] 






i Acid of Specific' 


True Acid* 


Water 


, Gravity 






1.5040 




91.55 


8.45 


1.4475 




80.39 


I9 4 6l 


1.4285 


rt 


71.65 


28.35 


1.3906 


3 


62.96 


37.04 


1.3551 




56.88 


43.12 


1.3185 




52.03 


47.97 


1.3042 




49.04 


50.96 


1.2831 




46.03 


53.97 


1.2090 




45.27 


54.73 



(6) Pure gaseous nitric acid, according to the same ingenious 
chemist, is composed in 100 grains, of 29.| azote, and 70^ oxygen. 
This is probably a nearer approximation to the truth than any other 
that has been hitherto stated, and differs but little from the propor- 
tions deducible from the experiments of Cavendish, viz. 27.8 nitro- 
gen to 72.2 oxygen. Lavoisier had previously obtained results which 
are considerably remote from these, and which make the nitric acid 
to consist of 20 nitrogen and 80 oxygen. 

(c) The watery solution is perfectly limped and colourless. 

(d) It gives a yellow stain on the skin. 

(e) It boils at 248° Fahrenheit, and may be distilled over, without 
any essential change. 

(/) Nitric acid may be frozen by the application of a sufficiently 
low temperature. Like sulphuric acid, there is a certain point of 
density, at which it most readily congeals. Mr. Cavendish has de- 
scribed this, not by its specific gravity, but by the quantity of marble 
which it is capable of dissolving. When it takes up .^JLths of its, 
weight, the acid freezes at 2° below Fahrenheit. When consider- 
ably stronger and capable of dissolving ^y-ths, it required cooling 

* The quantities of oxygen and azote in any solution, may be thus found 
-i— -Let a=the true acid, x the oxygen, and y the azote. 
2.389 a 



Then x = 



3.389 



andy = 



3.389 
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to-»-41.6 ; and when so much diluted as to take up only -^« 5 ths, it 
did not congeal till cooled to — 40.3. (Philosophical Transactions, 
1788.) 

(g\ It absorbs moisture from the atmosphere ; and hence it in- 
creases in weight, and diminishes in specific gravity, by exposure to 
the air. 

(A) When two parts of the acid are suddenly diluted with one of 
water, an elevation of temperature is produced to about 112° Fah- 
renheit. When more water is added to this diluted acid, its temper- 
ature is reduced. Snow or ice added to the acid is instantly lique- 
fied, and an intense degree of cold is produced. 

(i) It becomes coloured by exposure to the sun's light, passing- 
first to a straw colour, and then to a deep orange. This effect is pro- 
duced by the union of the light of the sun with oxygen, in conse- 
quence of which the proportion of the acidifying principle to the ni- 
trogen is diminished. 

By exposing it to the sun's rays in a gas bottle, the bent tube of 
which terminates under water, oxygen gas may be procured. 

(£) This acid retains its oxygen with but little force. — Hence it 
is decomposed by all combustible bodies, which are oxygenized by 
it, with more or less rapidity in proportion to their affinity for oxygen. 

1. W T hen brought into contact with hydrogen gas at a high tem- 
perature, a violent detonation ensues. This experiment, therefore, 
requires great caution. 2. Poured on perfectly dry and powdered 
charcoal, it excites the combustion of the charcoal, which becomes 
red-hot, and emits an immense quantity of fumes. 3. It also inflames 
essential oils (as those of turpentine and cloves), when suddenly 
poured on them. In these experiments, the acid should be poured 
out of the bottle, tied to the end of a long stick ; otherwise the opera- 
tor's face and eyes may be severely injured. 4. Nitric acid is de- 
composed, by boiling it in contact with sulphur, which attracts the 
oxygen, and forms sulphuric acid. 

(/) The acid is also decomposed by metals ; as iron, tin, zinc, 
copper, Sec, and with different phenomena, according to the affinity 
of each metal for oxygen. This may be seen, by pouring some 
strong nitric acid on iron filings, or powdered tin. Violent heat at- 
tended with red fumes, will be produced, and the metals will be oxy- 
dized. 

(?«) If the action of metals on nitric acid be more moderately con- 
ducted, a new product is obtained in a gaseous state. Dilute some 
nitric acid with an .equal weight of water, and dissolve, in this, some 
turnings of copper, or a portion of quicksilver, applv-ing heat, if ne» 
Vol. T. 3$ 
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cessary — This must be done in a gas bottle, and the product received, 
over water, is nitrous gas, or nitric oxide. 



SECTION II. 
Nitrons Gas, or jYitric Oxide. 

The properties of this gas arc the following : 

(a) It is permanent over water ; but is absorbed in small quan- 
tity, when agitated with water which has been recently boiled, and 
has become cold. (See the table in the Appendix.) This solution, 
according to La Grange (vol. i. page 131), is converted, by long 
keeping, into nitrate of ammonia, in consequence of the decomposi- 
tion of the water. 

Nitrous gas is rather heavier than common air, 100 cubic inches 
at 55°, barometer 30°, weigh 34.26, or at 60° Fahrenheit 33.80 
grains. (Davy.) 

(6) When well washed with water, it is not acid. It will be found 
not to redden the colour of litmus. This may be shown by introduc- 
ing a piece of paper, tinged with that substance, into a jar of nitrous 
gas, standing inverted over water. To accomplish this, the paper 
should be fastened to the end of a glass rod or a piece of stick. The 
colour will remain unchanged. 

(c) It extinguishes flame, and is fatal to animals. Homberg's 
pyrophorus, however, is inflamed by it ; and charcoal and phospho- 
rus, introduced into it when in a state of actual combustion, continue 
to burn vehemently. 

(d) Mingled w'th hydrogen gas, it imparts a green colour to its 
flame. It does not, however, explode with hydrogen in any propor- 
tion, nor with any of the varieties of carburetted hydrogen. But, 
when mixed with ammonia, an electric spark produces a detonation, 
as I have shown in the Philosophical Transactions for 1809. The 
proportions required for mutual saturation are about 120 measures 
of nitrous gas to 100 of ammonia. 

(c) When mixed with oxygen gas, red fumes arise ; heat is evolv- 
ed ; a diminution takes place ; and if the two gases be in proper pro- 
portion, and perfectly pure, they disappear entirely. Nitrous acid, 
at the same time, is regenerated. [Sec note 25 at the end of this 
vol.] 

(/') The same appearances ensue, less remarkably, with atmos- 
pheric air ; and the diminution is proportionate to the quantity of oxy- 
gen gas which it contains. On this principle, of its condensing oxy- 
gen, but no other gas, is founded the application of nitrous gas to thf 
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purpose of eudiometry, or of ascertaining the purity of air. The 
sources of error, in its employment in this mode, have hitherto been 
considered such, as to forbid our relying implicitly on the results 
which it may afford. Learning, however, from Mr. Dalton, that he 
constantly employs nitrous gas in determining the purity of air, and 
with perfect satisfaction as to the accuracy of his results, I have ob- 
tained from him the following communication. It may be necessary 
to premise, that for applying nitrous gas to this purpose, two tubes 
will be found convenient, shaped like fig. 24 ; each from three to 
four tenths of an inch in diameter ; eight or nine inches long, exclu- 
sive of the funnel-shaped part ; and accurately graduated into minute 
aliquot parts. What these parts are, is of no consequence. Hun- 
dredth parts of a cubical inch give rather too large divisions of the 
scale ; but if each of these be divided into two, the scale will be suf- 
ficiently small. If the tube employed be not long enough to com- 
prise 100 of these parts, the experiment may be made on 50 parts 
only of the atmospherical air ; and the results, multiplied by 2, will 
give the proportion in 100 parts. 

" To use nitrous gas accurately in eudiometry, it is only requisite 
" to take both gases in a dilute state, namely, containing three or four 
" times their bulk of azotic gas (which atmospheric air naturally does)) 
" or of any other gas not acted upon by nitrous or oxygen gases. In 
" this case, if an excess of one gas be used, the other is, in a few min- 
" utes, entirely taken up, and in a constant proportion ; whatsoever 
" may be the form of the vessel, or the manner of mixing the gases. 
" The proportion is 1 of oxygen to 1.7 of nitrous, so that lO-27ths of 
" the diminution over water are oxygen, and 17-27ths nitrous gas. It 
« is proper, as soon as the greater part of the diminution has ensued, 
" to transfer the mixture through water into a graduated vessel, with* 
" out using any agitation. 

" If pure nitrous gas be admitted to pure oxygen gas in a nar- 
u row eudiometer tube, so that the oxygen gas is uppermost, the two 
" unite very nearly in the same uniform proportion as above. If, on 
** the other hand, the nitrous be the upper gas, a much less quantity 
" of it disappears, viz. 1.24 nitrous to one oxygen. If undiluted ni- 
" trous gas be admitted to pure oxygen gas in a wide vessel over wa- 
" tcr, the whole effect takes place immediately ; and one measure of 
" oxygen will condense 3.4 nitrous gas. 

" To render this rule more intelligible, an example may be neces- 
" sary- Let 100 measures of common air be admitted to 100 niea- 
<< sures of a mixture of nitrous gas, with an equal proportion of azotic 
" or hydrogen gas. After standing a few minutes in the eudiometer, 
•'there will be found 144 measures. The loss 56 being divided 
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"by the common divisor, 2.7, gives 21 nearly fqr the oxygen gas 
" present in loo measures of common air." 

To these directions I may add, that when atmospherical air is the 
subject of experiment, it is scarcely necessary to dilute the nitrous 
gas, with any other gas, previously to its use. If a number of exper- 
iments be made, it will be proper, in all cases, to let the gases remain 
together a definite time (say 10 minutes) before noting the diminu- 
tion ; and it is needless to transfer them into another vessel. If the 
mixed gas, under examination, contain much more oxygen, than is 
present in atmospherical air, then it is proper to dilute the nitrous 
gas with an equal bulk of hydrogen gas ; and, in this case, the nar- 
rower the tube, in which the experiment is made, the more accu- 
rate will be the result. 

Subsequent experience, however, has convinced mc that the 
method, proposed by Mr. Dal ton, though sufficiently correct, when 
applied to a mixture of the same, or nearly the same, standard as the 
atmosphere, cannot be relied on when the proportion of oxygen is 
either considerably greater or less. In the former case, the process 
gives too great a diminution, sometimes indeed to such an extent as 
to indicate more oxygen gas than the whole amount of what was sub- 
mitted to experiment. When the air, on which we are operating, is 
of an inferior standard to the atmosphere, we do not learn its full pro- 
portion of oxygen. Notwithstanding these objections, however, the 
method has still considerable value, since it may be applied to deter- 
mine the proportion of oxygen in some mixed gases, to which other 
eudiometrical tests are not applicable ; for example, to mixtures of 
hydro-carburet and oxygen gases. 

The application of nitrous gas to eudiometrical purposes, it has 
lately been contended by Gay Lussac, is susceptible of perfect accu- 
racy, provided certain precautions be observed, which he has pointed 
out, and which were suggested by his theoretical views of the con- 
stitution of these gases. A narrow tube he finds to be unfit for an eu- 
diometer, his object being to form nitrous acid gas, which is but 
slowly absorbed by water. Instead therefore of a tube, we take a 
wide vessel, such as a small tumbler glass ; and to 100 parts of at- 
mospheric air, previously measured, we must pass 100 measures of 
nitrous gas. A red fume will appear, which will soon be absorbed 
without agitation, and in half a minute, or a minute at most, the ab- 
sorption will be complete. Pass the residuum into a graduated tube, 
and it will be found, almost invariably, that 84 measures have disap- 
peared. Dividing this number by 4, we have 2 1 for the quantity rf 
oxygen condensed. 

By a series of experiments on mixtures of oxygen and nitrogen 
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eases in various proportions, Gay Lussac found that this eudiomet- 
rical process may be depended upon, whether the oxygen exceed or 
fall short considerably of the proportion contained in atmospheric 

air. 

(g) The generation of an acid, by the admixture of nitrous gas 
with common air or oxygen gas, may be shown by the following ex- 
periment. Paste a slip of litmus-paper within a glass jar, near the 
bottom ; and into the jar, filled with and inverted in water, pass as 
much nitrous gas, previously well washed, as will displace the wa- 
ter below the level of the paper. The colour of the litmus will re- 
main unchanged ; but, on passing up atmospheric air or oxygen gas, 
it will be immediately reddened. 

(h) That the peculiar acid, thus produced, is the nitrous, will ap- 
pear from the following experiment. Into a jar, filled with and in- 
verted in mercury, pass a small quantity of a solution of pure potash ; 
and, afterward, measures of oxygen and nitrous gases, separately, 
and in proper proportion. On removing the solution from the jar, 
exposing it for some time to the atmosphere, and afterwards evapor- 
ating it, crystals of nitrate of potash will be formed, a salt which is 
ascertained to be formed of potash and nitrous acid. 

(i) Nitrous gas is absorbed by nitric acid, which, by this absorp- 
tion, is considerably changed in its properties. — Pass the gas, as it is- 
sues from the materials that afford it, through colourless nitric acid. 
The acid will undergo successive changes of colour, till at last it will 
become orange coloured and fuming. In this state it is called ni- 
trous acid, because it contains a less proportion of oxygen than the 
colourless nitric acid. 

According to Dr. Priestley, 1 00 parts of nitric acid, of the specific 
gravity of 14 to 10, absorb, in two days, 90 parts by weight of nitrous 
gas.* When about seven parts of gas have been absorbed, the acid 
acquires an orange colour; when 18 have been absorbed, it becomes 
green ; and- the whole quantity, which it is capable of condensing 
changes it into a liquor, which emits an immense quantity of red 
fumes. The gas, thus absorbed, is mostly separated again on dilu- 
tion with water. 

(k) The nitrous gas, thus absorbed, is expelled again by a gentle 
heat. This may be shown by gently heating the acid coloured in 

• Priestley on Air, 2d edition, i. 383. In the experiment alluded to, one 
fifth of an ounce measure of nitric acid absorbed 130 ounce-measures of ni. 
trous gas. There is reason, however, to suspect some inaccuracy in the ex- 
periment ; for, according to Mr. Davy, 100 parts of nitric acid, after having' 
absorbed all the nitrous gas which it is capable of rondensinir. hold only nine 
•>v between nine and ten parts in rombiirat'tmi 
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Experiment i, till it again becomes limpid. In this experiment light 
should be excluded. 

(/) Nitrous gas is decomposed by exposure to bodies that have a 
strong affinity for oxygen. Thus, iron filings decompose it, and be- 
come oxydized, affording a proof of the presence of oxygen in this 
gas. 

During this process, water, ammonia, and nitrous oxide are gen- 
erated. Sulphuret of potash, Sec, have a similar effect. Mixed 
with sulphurous acid, it is decomposed, and this acid is changed into 
the sulphuric. (Nicholson's Journal, xvii. 43.) Potassium was 
iound by Gay Lussac to burn vividly in it, and to afford a ready way 
of effecting its analysis. 

(m) Nitrous gas is absorbed by the green sulphate and muriate 
of iron,* which do not absorb nitrogen gas. To ascertain, therefore, 
how much nitrogen gas a given quantity of nitrous gas contains, let it 
be agitated in a graduated tube with one of these solutions. This 
information is necessary, previously to deducing, from its effects on 
atmospheric air, the proportion of oxygen gas. 

From the important use which is now made by some chemists of 
this solution of nitrous gas in eudiometry, it may be proper to de- 
scribe the mode of its preparation. 

Dissolve as much of the green sulphate of iron in water as the 
water Avill take up, or dissolve iron filings in sulphuric acid, diluted 
with five or six parts of water, leaving an excess of the iron, in order 
to ensure the perfect saturation of the acid. Fill a wide-mouthed 
bottle with this solution ; invert it in a cupful of the same, and into the 
inverted bottle receive the nitrous gas from nitric acid and quicksil- 
ver, shaking the inverted bottle frequently. The colour of this so- 
lution will change to black, and the production of gas and the agita- 
tion are to be continued, till the absorption can be carried no farther. 
The impregnated solution should be preserved in a number of small 
bottles, not holding more than an ounce each. The most commodi- 
ous method of applying this solution, is by means of Dr. Hope's eu- 
diometer, already described. (Chap. v. sect. 4.) 

(72) A very interesting experiment, affording a synthetic proof of 
the constitution of nitrous gas, we owe to Dr. Milner, of Cambridge.! 
Into an earthen tube, about 20 inches long and three fourths of an 
inch wide, open at both ends, put as much coarsely powdered man- 
ganese as is sufficient nearly to fill it. Let this be placed, horizontal- 
ly, in a furnace having two openings opposite to each other (fig. 40). 

* For an account of these salts, see chap, xviii. sect. 6. 

f rhitostfplncal Transactions, 1789. 
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To one end of the earthen tube adopt a retort, containing a strong 
solution in water of pure ammonia, and to the other a bent glass tube, 
which may terminate in a two-necked empty bottle. To the other 
neck of the bottle, lute a glass tube, bent so as to convey any gas 
that may be produced, under the shelf of the pneumatic trough. Let 
a fire be kindled in the furnace ; and, when the manganese may be 
supposed to be red-hot, drive over it the vapour of the ammonia. 
The alkali will be decomposed ; its hydrogen, uniting with part of 
the oxygen which is combined with the manganese, will form water ; 
while its nitrogen, uniting with another portion of the oxygen, will 
constitute nitrous gas. The gas, thus generated, may be collected 
by the usual apparatus. 

(o) Nitrous gas is stated, by Mr. Davy, to consist of 56 oxygen 
and 44 nitrogen. 

(//) Another fact, showing the mutual relation of ammonia and of 
the compounds of nitrogen, was discovered some years ago by Mr. 
Wm. Higgins.* Moisten some powdered tin (which is sold under 
this name by the druggist) with strong nitric acid ; and, when- the red 
fumes have ceased to arise, add some quick-lime or solution of pure 
potash. A strong smell of ammonia will be immediately produced. 

In this experiment, the tin, at the same instant, attracts the oxy- 
gen both of the nitric acid and of the water. Hydrogen and nitrogen 
are consequently set at liberty ; and, before they have assumed the 
gaseous state, these two bases combine, and constitute ammonia. 
The ammonia, thus generated, unites with a portion of undecomposed 
nitric acid ; and is disengaged from this combination by potash or 
lime, which render it evident to the smell. 

SECTION III. 

Gaseous Oxide of Nitrogen. — Nitrous Oxide of Davy. 

I. This compound, also consisting of oxygen and nitrogen, but in 
different proportions from those of nitrous gas, may be obtained by 
several processes. 

(a) By exposing common nitrous gas for a few days to iron filings,, 
or to various other bodies strongly attracting oxygen, this gas is 
changed into the nitrous oxide. 

Some nicety and experience are required to suspend the decom- 
position before it has gone too far ; in which case nitrogen gas is ob- 
tained. The sulphite of potash, being incapable of decomposing ni- 

• See his Comparative View of the. Phlogistic and Antiphlogistic. Thep- 

\1 edition, nnge 300, note 
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trous oxide, is best adapted to the conversion of nitrous gas into thai 
clastic fluid. The process, in all cases, may hz suspended, when 
about two thirds the original bulk of the gas are left. 

(b) By dissolving zinc, or tin, in nitric acid, diluted with five or 
six times its weight of water. Zinc, during this solution, disengages 
nitrous oxide till the acid begins to exhibit a brownish colour, when 
the process must be suspended, as nitrous gas is then formed. But 
by neither of these processes is the gas obtained sufficiently pure for 
exhibiting its qualities. To procure it in a state of purity, the follow- 
ing process is the best adapted. 

(c) To nitric acid, diluted with five or six parts of water, add 
carbonate of ammonia, till the acid is saturated. Then evaporate the 
solution ; and, to supply the waste of alkali, add, occasionally, a little 
more of the carbonate. Let the solution be evaporated by a very 
gentle heat. The salt obtained, when the solution has cooled, is next 
to be put into a glass retort, and distilled with a sand-heat, not exceed- 
ing 440 Fahrenheit.* The heat of an Argand's lamp is more than 
sufficient, and requires cautious regulation. The salt will presently 
liquefy, and must be kept gently simmering, avoiding violent ebulli- 
tion. The gas may be collected over water, and allowed to stand a 
few hours before it is used, during which time it will deposit a white 
cloud, and will become perfectly transparent. [See note 26 at the 
end of this vol.] 

A gazometer is best adapted for its reception ; because all dan- 
ger is then avoided of an absorption of the water of the trough int® 
the retort ; and because the gas is brought into contact with a much 
smaller surface of water, which has the property of absorbing a con- 
siderable proportion of the gas. On t his account, water, which has 
been once used to confine the gas, may be kept for the same purpose. 

The changes that take place, during the conversion of nitrate of 
ammonia into nitrous oxide, are the following : Nitric acid is com- 
posed of oxygen and nitrous gas ; ammonia, of hydrogen and nitro- 
gen. In a high temperature, the nitrous gas combines with an addi- 
tional dose of nitrogen, and forms nitrous oxide ; while the oxygen of 
the decomposed nitric acid unites with the hydrogen of the ammonia, 
and forms water. 

The gas, thus obtained, was termed, by the Society of Dutch 
Chemists, gaseous oxide of azote ; but, for the sake of brevity, and 

* From the observations of Mr. Sadler (Nicholson's Journal, xv. 286), it 
appears that the purity of the nitrate of ammonia is of considerable import- 
ance ; and that its adulteration with muriate diminishes the quantity, and 
impairs the quality of the gas. 
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as more conformable to the nomenclature of other compounds of ni- 
trogen, I shall use, with Mr. Davy, the name of nitrous oxide * 

In order to ascertain whether nitrous oxide be adulterated with 
either common air or oxygen gas, we may mix equal measures of the 
gas under examination, and of nitrous gas. If any diminution ensue, 
the presence of one of these may be suspected ; and the amount will 
show which of them is contained in it. Nitrous gas, however, is a 
much more common contamination ; for it is generated, along with 
nitrous oxide, whenever the temperature of the salt is raised too high. 
Its presence may be detected, either by a diminution on the admix- 
ture of oxygen gas ; or by an absorption being effected^ on agitating 
the gas with a solution of green sulphate of iron, which has no action 
on pure nitrous oxide. (See also page 277, g.) 

II. This gas has the following properties : 

(a) It is considerably heavier than common air. About 55° Fah- 
renheit and 30 inches pressure, 100 cubic inches weigh 50.20 grains, 
or under the same pressure, and at 60° Fahrenheit 49.68. (Davy.) 
(b) A candle burns in it with a brilliant flame and crackling noise. 
Before its extinction, the white inner flame becomes surrounded with 
an exterior blue one. 

(c) Phosphorus, introduced into it in a state of inflammation, burns 
with increased splendour. 

Phosphorus, however, may be melted, and sublimed in this gas^ 
Avithout alteration. It may even be touched with red-hot iron wire, 
without being inflamed ; but when a wire, intensely heated, or made 
white-hot, is applied, the phosphorus burns, or rather detonates, with 
prodigious violence. 

(d) Sulphur, introduced into nitrous oxide when burning with a 
feeble blue flame, is instantly extinguished ; but when in a state of an 
active inflammation, it burns with a vivid and beautiful rose-coloured 
flame. 

(e) Red-hot charcoal burns in it more brilliantly than in the at- 
mosphere. 

(/) Iron wire burns in this gas with much the same "appearance 
as in oxygen gas, but for a shorter period. Potassium was found by 
lierard to inflame and burn in it with much activity. After the comr 
bustion, 100 measures left 50 of nitrogen gas. 

(g) Nitrous oxide is rapidly absorbed by water that has been 
previously boiled, about one thirtieth the original bulk of the gas re- 
maining uncondensed. (See table.) A quantity of gas, equal to con- 

• For a full account of this gas, consult Mr. Daw's Researches, Chenvetil 
and Philosophical. Tendon. Johnson, 1800. 
Vol. 1 3fi 
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siderably more than half the bulk of the water, may be thus made to 
disappear. This property furnishes a good test of the purity of ni- 
trous oxide ; for the pure gas is almost entirely absorbed by boiled 
water, which has cooled without the access of air. The water cm- 
ployed should exceed the gas three or four times in bulk. 

(A) Water, that has been saturated with this gas, gives it out 
again, unchanged, when heated. 

(z) The impregnated water does not change blue vegetable col- 
ours. 

(*) It has a distinctly sweet taste, and a faint, but agreeable, 
odour. 

(/) It is not diminished by admixture with either oxygen or ni- 
trous gas. 

(?«) A mixture of this gas with hydrogen gas detonates loudly, 
on applying a lighted taper, or passing an electric spark. 

When the proportion of hydrogen is nearly equal to that of ni- 
trous oxide, or as 39 to 40, nitrogen gas only remains after the explo- 
sion ; but when the proportion of hydrogen is smaller, nitric acid is 
also generated. It forms, also (as I have shown, Philosophical 
Transactions, 1809, page 444), a combustible mixture with ammoni- 
acal gas, 100 measures of the latter requiring for saturation 130 
measures of nitrous oxide. 

(n) Nitrous oxide is not absorbed by alkalis ; but if it be brought 
into contact with them, when in a nascent state, or before it has as- 
sumed the condition of a gas, it then enters into combination with al- 
kaline bases. Thus, when a mixture of sulphite of potash and pure 
potash is exposed to nitrous gas, the latter is disoxygenized by the 
sulphite, and changed into nitrous oxide, which unites with the alkali. 
We obtain, therefore, a mixture of sulphate of potash with a com- 
pound of nitrous oxide and alkali, the former of which may'be separa- 
ted by priority of crystallization. The latter is composed of about 
three parts of alkali, and one of nitrous oxide. It is soluble in water; 
has a caustic taste, of peculiar pungency ; and converts vegetable 
blues to green. Powdered charcoal, mingled with it, and inflamed, 
burns with bright scintillations. The nitrous oxide is expelled from 
fixed alkalis by all acids, even by the carbonic. 

(o) Animals, when wholly confined in this gas, die speedily. 

(/i) One of the most extraordinary properties of this gas is ex- 
hibited by its action on the human body, when received into the lungs. 
When thus employed, it does not prove fatal, because, when receiv- 
ed into the lungs, it is mixed and diluted with the atmospherical air 
present in that organ. To administer the gas, it may be introduced 
into an oiled silk bag or clean bladder, furnished with a stop-cock. 
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and may be breathed repeatedly from the bag and back again, as long 
as it will last. The sensations that are produced vary greatly, in per- 
sons of different constitutions ; but, in general, they are highly pleas- 
urable, and resemble those attendant on the pleasant period of intoxi- 
cation. Great exhilaration, an irresistible propensity to laughter, a 
rapid flow of vivid ideas, and an unusual fitness for muscular exertion, 
are the ordinary feelings it produces. These pleasant sensations, it 
must be added, are npt succeeded, like those accompanying the 
grosser elevation from fermented liquors, by any subsequent depres- 
sion of nervous energy. 

(?) From the experiments of Mr. Davy, it appears that 100 
parts, by weight, of this gas, contain 36.7 oxygen, and 63.3 azote, or, 
excluding decimals, 37 oxygen, and 63 azote. 

SECTION IV. 

Nitrous Acid. 

It has been a subject of controversy whether an acid, entitled to 
this denomination, and holding the same relation to the nitric, which 
the sulphurous bears to the sulphuric, has really existence. That 
the acid, obtained from nitric, has different states of oxygenation, and 
contains a less quantity of oxygen in proportion to the depth of its 
colour, is generally admitted. But it has been contended that we are 
to consider all these varieties as nitric acid, holding in combination 
variable proportions of nitrous gas ; and the principal argument in 
favour of this theory is that the substance, occasioning the colour, may 
be separated by the mere application of heat. Mr. Davy has given 
the following table, showing the proportion of nitrous gas in nitrous 
acid of different colours. 

100 parts by weight contain 





Sp. Gr. 


( 
Real*Acid. 


Nj.tr. Gas. 


Water. 


Pale yellow . . 


1.502 . 


. 90.5 


. 1.2 


8.3 


Bright do. . . 


. 1.50 . 


88/J4 . 


2.96 . 


8.1 


Dark orange 


. 1.480 . 


. 86.84 . 


. 5.56 . 


7.6 


Light olive . . 


. 1.179 . 


. 86 


. 6.45 . 


7.55 


Dark olive . . 


. 1.478 . 


. 85.4 . 


. 7.1 . . 


7.50 


Bright green 


. 1.476 . 


. 84.8 . . 


7.76 


7.44 


Blue green • . 


. 1.475 . 


. 84.6 . 


. 8 


7.40 



Mere dilution with water is sufficient to vary * these colours. 
Thus the dark orange coloured acid, by dilution, passes through the 
shades of blue, olive, and bright green. Nitric acid, also, by absorb- 
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ing nitrous gas, has its specific gravity diminished. Colourless acid, 
for example, when rendered of pale yellow, becomes lighter in the 
proportion of 1.51 to 1 .502. 

It has lately, however, been argued by Gay Lussac*, and appar- 
ently with much probability, that the nitrous acid is as much a dis- 
tinct and peculiar compound, as any other of the combinations of ni- 
trogen and oxygen. It is formed, he observes, whenever we mix oxy*- 
gen and nitrous gases in such proportion, that the nitrous gas pre- 
dominates, viz. about one measure of the former to four of the latter. 
It is of no consequence which is first added; for the result is in- 
variably a condensible red vapour, containing by measure, 100 oxy- 
gen gas, and 300 nitrogen ; or by weight 

34.507 nitrogen 

65.493 oxygen 

109 

To form liquid nitrous acid, nothing more is necessary than to 
saturate water with this vapour. The water becomes first green, 
then blue, and finally an orange colour more or less deep. The lat- 
ter may be brought to the state of green op blue by adding more or 
less wa£er. Hence the colour depends merely on the circumstance 
of density. 

Admitting the correctness of these views-, it will follow that when 
nitrous gas is transmitted through nitric acid, the latter is partly de- 
oxygenated ; and the nitrous gas, acquiring oxygen, becomes nitrous 
acid. Hence the ordinary acid of nitre is a compound of nitric and 
nitrous acids, and not of nitric acid and nitrous gas. Its colour will 
be deep, in proportion to the quantity of nitrous acid which it holds in 
combination. 

SECTION V 
' Nitrates. 

Art. I.-— Nitrate of Potash. 

I. A direct synthetic proof of the composition of this salt may 
be obtained by saturating nitric acid with potash, either pure or in a 
carbonated state. The solution, on evaporation, yields crystals of ni- 
trate of potash, or nitre. 

For the purposes of experiment, however, the nitrate of potash, 
which may be met with in the shops, and which is an abundant pro- 
duct of nature, may be employed on account of its greater cheapness. 

* M&m*ire\ d- Jircneil, \i: . 
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The nitre, which is met with as an article of commerce, is brought to 
this country chiefly from the East-Indies. When it arrives, it is a 
very impure salt, containing besides other substances, a considerable 
proportion of muriate of soda. In this state it is called rough nitre,. 
For the purposes of chemistry, it requires to be purified by solution 
in water and re-crystallization ; and^t then obtains the name of refined 
nitre or refined saltpetre. 

II. This salt has the following properties : 

(a)- It crystallizes in prismatic octahedrons, generally constituting 
six-sided prisms, terminated by two-sided summits. Exclusive of the 
water of crystallization, Thenard has determined that it consists of 
59.5 potash 
40.5 nitric acid 
But potash itself, in the driest form under which we can pro- 
cure it, still contains water. Berthollet has given the following pro- 
portions as those of nitrate of potash. 
51.38 potash 
48.62 acid 



100 

(b) For solution, it requires seven times its weight of water at 
60° of Fahrenheit ; and boiling water takes up its own weight. 

These are the proportions assigned by Bergman ; but La Grange 
asserts, that of water, at the ordinary temperature, nitrate of potash 
requires only three or four times its weight for solution ; and half its 
weight of boiling water. (Manuel, 1st edition, i. 243.) 

(c) By the application of a moderate heat it fuses, and being cast 
in moulds, forms what is called Sal Prunelle. 

(d) If a red-heat be applied, nitrate of potash is decomposed in 
consequence of the destruction of its acid. By distilling h in an 
earthen retort, or in a gun-barrel, oxygen gas may be obtained in 
great abundance, one pound of nitre yielding about 12,000 cubic inch- 
es, of sufficient purity for common experiments, but not for purposes 
of accuracy. 

(e) Nitrate of potash, that has been made red-hot, seems to con- 
tain an acid less highly oxygenated than the common nitric acid, and 
having a weaker affinity for alkalis. For if acetic acid be poured on 
nitre that has been thus treated, the nitrous acid is expelled in red 
fumes, whereas common nitre is not at all affected by acetic acid. 

(/) Nitrate of potash is rapidly decomposed by charcoal in a high 
temperature. This may be shown, by mixing two parts of powdered 
nitre with one of powdered charcoal, and setting fire to the mixture 
in an iron vessel under a chimney. — The products of this combus- 
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tion, which may be collected by a proper apparatus, are carbonic acid 
and nitrogen gases. Part of the carbonic acid also remains attached 
to the residuary alkali, and may be obtained from it on adding ■ 
stronger acid. 

Tiiis residue was termed, by the old chemists, clyssus of nitre. 

(g) .Nitrate of .potash is als<^ecomposed by sulphur, and with 
different results, according to tne temperature and proportions em- 
ployed. 

1 . Mix powdered nitre and sulphur, and throw the mixture, by a 
little at a time, into a red-hot crucible. The sulphur will unite with, 
the oxygen of the nitric acid, and form sulphuric acid; which, com- 
bining with the potash, will afford sulphate of potash. The produc- 
tion of the latter salt wiil be proved by dissolving the mass remaining 
in the crucible and crystallizing it, when a salt will be obtained ex- 
hibiting the characters described, chap. xii. sect. 4. 

2. Mix a portion of sulphur with one sixth or one eighth its 
weight of nitrate of potash ; put the mixture into a tin cup, and raise 
it, by a proper stand (fig. 25), a few inches above the surface of wa- 
ter, contained in a flat shallow dish. Set fire to the mixture, and 
cover it with a bell-shaped receiver. In this case, also, sulphuric 
add will be formed ; but it will not combine, as before, with the alka- 
li of the nitre, which alkali is present in sufficient quantity to a'.) sorb 
only a part of the acid produced. The greater part of the acid will 
be condensed on the inner surface of the glass bell, and by the water, 
which will thus become intensely acid. The operation may be re- 
peated three or four times, using the same portion of water. When 
the water is partly expelled, by evaporation in a glass dish, concenr 
trated sulphuric acid remains, which has been formed by the union of 
the oxygen of the nitre, and that of the atmospherical air, with the 
sulphur submitted to experiment. By a process of this kind n but on a 
large scale, and in extensive leaden chambers, the sulphuric acid of 
commerce is prepared. The dilute acid, resulting from the union of 
the condensed vapour of the burning materials, with the stiatum of 
water at the bottom of the chamber, is first boiled down in part io 
hallow leaden vessels, and is then transferred into glass retorts, where 
it is farther concentrated by the continued application of heat. 

In a memoir of Clement and Desormes, published in Nicholson's 
Journal, xvii. 4 ' , it is proved, that the nitre does not furnish above 
one tenth part of the oxygen, required for the conversion of sulphur 
into sulphuric acid, and that the rest of the oxygen is derived from the 
atmospherical air of the chamber. Sulphurous acid, they suppose, 
is in the first instance formed by the combustion of the sulphur ; and, 
at the same moment, nitrous gas is evolved from the de-oxygenation 
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of the nitric acid contained in the saltpetre. This nitrous ga3, uniting 
with the atmospheric oxygen, composes nitrous acid gas, which has 
the property of converting sulphurous into sulphuric acid, and of re- 
turning, at the same time, to the state of nitrous gas. The same 
process is repeated, and thus the same portion of nitrous gas acts re- 
peatedly as an intermedium between the sulphur, previously changed 
into sulphurous acid, and the atmospheric oxygen. 

(A) A mixture of three parts of powdered nitre, two of carbonate 
of potash, or common salt of tartar, and one part of sulphur, all accu- 
rately mixed together, forms the fulminating powder, which ex- 
plodes with a loud noise, when laid on an iron heated below redness. 

(i) A mixture of five parts of powdered nitre, one part of sul- 
phur, and one of powdered charcoal, composes gun-powder. The 
materials are first very finely powdered separately, then mixed up 
together, and beaten with a wooden pestle, a sufficient quantity of wa- 
ter being added to prevent an explosion. The mixture is afterward 
granulated, by passing through sieves, and dried very cautiously.* 

Process for preparing JVitric Acid. 
Nitrate of potash is decomposed by sulphuric acid, which com- 
bines with the potash, and expels the nitric acid. Put into a glass 
retort, which may be either tubulated or not, four parts of nitrate of 
potash, reduced to a coarse powtler, and pour upon it three parts of 
concentrated sulphuric acid. Apply a tubulated receiver, of large 
capacity, between which, and the retort, an adopter may be interposed ; 
these junctures being luted with a mixture of pipe-clay, sifted sand, 
and cut tow or flax. — To the tubulure of the receiver, a glass tube 
may be fixed by means of the fat lute, and may terminate in another 
large receiver, containing a small quantity of water. If the operator 
wishes to collect the gaseous products, also, this second receiver 
should be provided with a tubulure, to which a bent pipe may be lut- 
ed, terminating under one of the inverted funnels in the shelf of the 
pneumatic trough. Apply heat to the retort, through the interven- 
tion of a sand-bath. The first product that passes into the receiver, 
is generally of a red coloured of a smoking quality. These ap- 
pearances gradually diminish ; and if the materials used were clean, 
the acid will come over pale, and even colourless. Afterwards it 
gradually reassumes a red colour, and smoking property ; which ap- 
pearances go on increasing till the end of the operation ; and the 
whole pi oduct, mingled together, has either a yellow or an orange 
colour, according to the temperature employed. 

• On the preparation of g-unpowder, and the theory of its detn 
itvU Nicholson's Journal, x-x-iii 
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Sulphuric 
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6 . . 


3 . 


. Red . . 


6 . . 


6 . 


. White . . 


60 . . 


29 . 


. Red . . 



Sp. Gr. 


Weight. 


1.53 


. 3 . 


1.50 


. 4 . 


1.456 


. 30 . 
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The proportions recommended in the new London Pharmacopoeia 
for the preparation of nitric acid, are two pounds of nitrate of potash, 
deprived by heat of its water of crystallization, and two pounds of sul- 
phuric acid. These are directed to be mixed in a glass retort, and 
distilled in a sand-bath, until a red vapour arises. The acid in the 
receiver is to be mixed with an ounce of nkrate of potash, and again 
distilled in a similar manner. After the second distillation its specific 
gravity is 1.500. The Edinburgh Pharmacopoeia makes it 1.550, and 
Mr. Kirwan, at 60° Fahrenheit, 1.5543, and when of this density, he 
considers it as composed of 73.54 real acid in 100, and the rest wa- 
ter. 

The following table, showing the results of several experiments 
to determine the best proportions for preparing nitric acid, is given 
by Dr. Powell in his translation of the Pharmacopoeia of the London 
College of Physicians. 

Relative 
Value. 

. 21 

. 29 

. 19 

When the proportions were 6 of nitre, and 3 of sulphuric acid,, 
there was no redundant acid in the caput mortuum. 

The acid, which first passes over, has the greatest specific gravi- 
ty. In an experiment of Dr. Perceval of Dublin, the product was 
taken in three portions ; the first of which had the specific gravity of 
1.494, the second of 1.485, and the third of 1.442. (Transactions of 
the Irish Academy, iv. 37.) 

In the large way, and for purposes of the arts, it is usual to sub- 
stitute earthen or cast-iron retorts, made extremely thick, for those 
of glass. An earthen head is adapted, and this is connected with si 
range of proper condensors. The strength of the acid is varied also* 
by putting more or less water into the receiver. 

Nitric acid, obtained by this process, is never perfectly pure. It 
contains, generally, both sulphuric and muriatic acids ; the former 
of which is indicated by a white precipitate, on adding a solution of 
nitrate of barytes ; and the latter, by a milkiness produced by nitrate 
of silver. The sulphuric acid may be separated, either by a second 
distillation from a portion of very pure nitre, equal in weight to one 
eighth of that originally employed, or by adding nitrate of barytes ; 
allowing the precipitate to settle ; decanting the clear liquid, and dis- 
tilling it. Muriatic acid is separated by the addition of nitrate of sil- 
ver. An immediate milkiness ensues, and fresh additions must be 
made of nitrate of silver, as long as it occasions this appearance^ 
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Then allow the precipitate to subside ; decant the clear liquid, and 
re-distil it; leaving 1 -8th or 1-1 Oth in the retort. The product will 
be pure nitric acid. Nitrate of lead may be substituted for nitrate of 
silver. (See Nich. Joura. xi. 134.) 

The nitric acid may also be obtained free from muriatic acid, if a 
perfectlv pure nitrate of potash be employed for distillation. This pu- 
rification is, in a great measure, effected by repeated solution of the 
nitre, in boiling distilled water, and crystallization. Finally, re-dis- 
solvc the crystals in warm distilled water, and ?dd nitrate of silver as 
long as any precipitate appears. Allow this to settle, or separate it 
by filtration. The next product of crystals will be perfectly pure. 
The precipitated silver must not be thrown away, but must be wash- 
ed with distilled water, dried, and preserved for the recovery of the 
silver, by a process to be hereafter described. 

Nitric acid obtained in this manner is deficient also in another res- 
pect ; for it is not perfectly oxygenated, but holds in solution a con- 
siderable quantity of nitrous gas, and hence is in the state rather of 
nitrous than nitric acid. To convert the former into the latter, put 
the acid into a retort, to which a receiver is applied, the two vessels 
not being luted, but joined merely by paper. Apply a very gentle 
heat for several hours to the retort, changing the receiver as soon as 
it becomes filled with red vapours. The nitrous gas will thus be ex- 
pelled, and the acid will remain in the retort in a state of purity, and 
as limpid and colourless as water. It must be kept in a bottle se- 
cluded from the light. 

One hundred parts of nitrate of potash, according to La Grange, 
yield by this process 43 of acid, or, according to my experience, 
above 50. This, however, is not the whole of what was contained in 
the salt : for a part is decomposed by the temperature necessary to 
the operation. Accordingly, a large quantity of oxygen gas is disen- 
gaged during the distillation, and may be collected by an obvious ad- 
dition to the apparatus. 

In the retort, there remains a compound of potash with more sul- 
phuric acid than is essential to its saturation, or a super-sulphate of 
potash. On submitting this to a pretty strong heat, the excess of 
sulphuric acid is expelled ; and the residue, dissolved and evaporat- 
ed, affords crystallized sulphate of potash. 

Art. 2. — Nitrate of Soda. 
I. This salt may be formed, by saturating carbonate of soda with 
nitric acid ; or by distilling common salt with three fourths its weight 
of nitric acid. When the former process is adopted, the solution 
Vol. I. 37 
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must be evaporated, til! a pellicle appears on its surface, and then al- 
lowed to cool. Crystals will be produced, having the shape of 
rhomboids, or rhomboidal prisms. 

II. These crystals have a taste like that of saltpetre, but more in- 
tense. They are soluble in three parts of water at 60°, and in less 
than an equal weight of boiling water. They attract moisture from 
the atmosphere. In other respects, in the means by which their de- 
composition is effected and its results, they agree with the nitrate of 
potash. The only use of nitrate of soda is, perhaps, that which has 
been suggested by Proust, who has found it to be more economical 
m the making of fire-works than nitrate of potash. (Nicholson, xv. 
262.) 

Art. 3. — Nitrate of Ammonia. 

I. The most simple mode of preparing this salt is by adding car- 
bonate of ammonia to dilute nitric acid till saturation has taken place. 
If the liquor be evaporated, by a heat between 70° and 100°, to a cer- 
tain extent, it shoots, on cooling, into crystals, having the shape of 
six-sided prisms, terminated by six long six-sided pyramids. Evap- 
orated at the temperature of 212°, it yields, on cooling, thin fibrous 
crystals ; and when the evaporation is carried so far, that the salt 
immediately concretes on a glass rod by cooling, it then forms a com- 
pact and shapeless mass. 

II. The solubility of this salt varies, according to the temperature 
in which it has been formed. When in crystals, it requires twice its 
Aveight of water for solution, or half its weight of boiling water. It 
deliquiates, in all its forms, when exposed to the atmosphere. 

III. The most important property of this salt is the one which has 
been already described, viz. of yielding, when decomposed by heat, 
the nitrous oxide. One pound of the compact kind gives, by careful 
decomposition, nearly five cubic feet of gas, or rather more than 34 
doses ; so that the expense, estimating the salt at 5s. lOd. the pound, 
is about "2d. for each dose. 

IV. In a temperature of 600° this salt explodes, and is entirely 
decomposed. Hence it was formerly called nitrum flammans. 

V. Its composition varies according to the mode of its prepara- 
tion, and is stated by Mr. Davy as follows : 

Prismatic. Fibrous. Compact. 

94 - 5 ^2.5 74.5 acid , 

18 - 4 19 -3 19.8 ammonia, 

l2A 8 - 2 5.7 water. 

100 100 100 
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Art. 4. — Nitrate of Baryta. 

Nitrate of barytes may be prepared, by dissolving either the ar- 
tificial or native carbonate in nitric acid, diluted with eight or ten 
parts of water. If the artificial carbonate be employed, it should be 
previously well washed with distilled water, till the washings cease 
to precipitate nitrate of silver. A solution of nitrate of barytes, mix- 
ed with one of silver, should continue perfectly transparent. On eva- 
poration, it yields regular octahedrons, often adhering to each other 
in the form of stars ; and sometimes it is obtained in small brilliant 
plates. It requires for solution 12 times its weight of water at 60°, 
and three or four parts of boiling water. It is not altered by expos- 
ure to the air. In a red-heat, its acid is decomposed, and the earth 
remains pure. This furnishes another method of procuring pure 
barytes ; but the heat must not be carried too far, otherwise the ba- 
rytes is apt to vitrify with the crucible. The residue, on the addi- 
tion of water, dissolves with great heat and noise, and the solution, 
on cooling, yields crystals of pure barytes. 

Nitrate of barytes is composed, in 100 parts, according to Cle- 
ment and Desormes, of 60 base, and 40 acid and water. Mr. James 
Thomson states its composition to be 
59.3 barytes, 
40.7 acid and water. 

Art. 5. — Nitrate of Strontites. 
This salt may be obtained in the same manner as the nitrate of 
barytes, with which it agrees in most properties. The solubility of 
its crystals, however, differs considerably ; for they are dissolved by 
their own weight of water at 60°, or by Iktle more than half their 
weight of boiling water. When applied to the wick of a candle, or 
added to boiling alcohol, they communicate to the flame a deep blood 
red colour. They are decomposed by a high temperature, and afford 
pure strontitic earth. 

Art. &.~Nitrate of Lime. 
This salt is found abundantly in the cement of old buildings, which 
have been long inhabited by man or other animals. To prepare it 
artificially, nitric acid, diluted with five or six parts of water, may be 
saturated with carbonate of lime. When this solution is boiled down 
to the consistence of syrup, and exposed in a cool place, long prismatic 
crystals are formed, resembling, in their disposition, bundles of needles 
diverging from a common centre. These crystals are readily soluble 
in water, of which, at 60°, they require two parts, and boiling water 



292 



NITRATES. CHAP. XIII. 



dissolves an equal weight. They deliquiate speedily, when exposed 
to the air ; and are decomposed at the temperature of ignition. 

When a solution of nitrate of lime is evaporated to dryness in an 
earthen vessel, then fused for five or ten minutes in a crucible, and 
poured, while in fusion, into an iron pot previously heated, the con- 
gealed mass forms Baldwin's phosphorus. It must be broken into 
pieces, and preserved in a well-stopped phial. These pieces, after 
having been exposed to the sun for a few hours, emit in the dark a 
beautiful white light, affording one variety of solar phosphorus. 

Art. 7. — Nitrate of Magnesia. 

This compound may be prepared, by dissolving carbonate of mag- 
nesia in diluted nitric acid. The solution, when evaporated, yields 
crystals in the shape of prisms, with four oblique faces truncated at 
their summits. Most commonly, however, it forms a shapeless mass, 
consisting of an immense number of small needle-shaped crystals, 
crossing each other irregularly. These crystals deliquiate in the air, 
and are soluble in half their weight of water. When exposed to the 
heat of ignition, they fuse ; a few bubbles of oxygen gas first escape ; 
and the nitric acid then passes undecomposed. 

Art. 8. Nitrate of Aluminc. 

This salt is hut little known. It may be formed by the solution of 
fresh precipitated alumine, which has been well-washed with distilled 
water, but not dried, in diluted nitric acid, with the assistance of heat. 
The solution, which has always an excess of acid, after evaporation, 
crystallizes in thin ductile plates. The crystals are extremely soluble ; 
and, on the application of a high temperature, abandon their acid. 
They are decomposed by most alkalis and earths. Pure potash, add- 
ed in excess, re-dissolves the precipitate. 

Art. 9. — Nitrate of Glucine. 

The nitrate of glucine is a sweet tasted salt, which cannot be 
brought to crystallize. When evaporated to dryness, it rapidly ab- 
sorbs moisture from the atmosphere. It is soluble in alcohol. A 
high temperatui'e decomposes it without effecting its previous fu- 
sion. 

Art. 10. — Nitrate of Zircon. 

The nitric acid dissolves, but cannot be saturated with, fresh pre- 
cipitated zircon. The solution has always an excess of acid. When 
evaporated, it forms a yellowish transparent mass, extremely tena- 
cious and viscid, and difficultly dried. It has a styptic astringent taste, 
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and leaves on the tongue a thick substance, in consequence of its par- 
tial decomposition by the saliva. This dry nitrate is extremely sol- 
uble. The solution is decomposed by sulphuric acid, and by carbo- 
nate of ammonia, which throw down a precipitate soluble in an ex- 
cess of the acid, or of the carbonate. Tincture of galls forms a 
white precipitate, which is soluble in an excess of the tincture. 

Art. 11. — Nitrate of Yttria 
May be prepared by dissolving yttria in nitric acid. The solu- 
tion has a sweetish astringent taste ; and, in most properties, resem- 
bles nitrate of glucine. It can scarcely be obtained in crystals ; and 
if too great a heat be applied during evaporation, the salt becomes 
soft, assumes the appearance of honey, and concretes, on cooling, in- 
to a hard stony mass. Exposed to the air, it attracts moisture, and is 
resolved into a liquid. 

SECTION VI. 
Nitrite*, 

The direct combination of nitrous acid with alkalis and earths 
cannot be effected : for this acid, consisting of nitric acid with a re- 
dundancy of nitrous gas, is decomposed during all these combina- 
tions, the nitrous gas escapes, and the result is a compound of nitric 
acid with the base employed. The only mode of obtaining nitrites, 
is to deprive the acid, contained in the nitrates, of part of its oxygen, 
by exposure for a short time to the temperature of ignition. This 
method, it must be obvious, cannot be used with those nitrates that 
abandon their acid on the application of heat, or which, like nitrate 
of ammonia, are more completely decomposed. 

In a recent memoir of Gay Lussac it is asserted, however, that 
the nitrites may be composed by the direct combination of alkaline 
and earthy bases with nitrous acid, formed in the new mode propos- 
ed by him, and already described under the article nitrous acid. 

Nitrate of potash, after fusion in a crucible, becomes a nitrite 
of that alkali. It has a smell, when powdered, of nitrous gas. When 
diluted nitric acid, or even acetic acid, is poured upon it, vapours ot 
nitrous acid arc disengaged ; and hence it appears, that the affinity 
of this acid for its base is weakened by dis-oxygenation ; for no such 
effect arises on adding these acids to the nitrate. The solution of the 
salt in water changes the syrup of violets to green. Its other prop- 
erties are little known. 
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CHAPTER XIV. 

MURIATIC ACID, — OXY-MURIATIC ACID, AND THEIR COMBINA- 
TIONS WITH ALKALIS. 

Of the base of the muriatic acid, no history can be at present 
given ; for the analysis of this acid has not yet been satisfactorily ac- 
complished, even with the assistance of the new powers and agents, 
which have been unfolded by the discoveries of Mr. Davy. From his 
experiments, as well as from those of the French chemists, it ap- 
pears that the muriatic acid, in the purest form under which it has 
hitherto been obtained, still holds in combination one third its weight 
of water, which is even essential to its existence as a gas. For the 
acid cannot be detached from its combination with alkalis, earths, or 
metallic oxides, by any third substance, unless that third substance 
contains a proportion of water. 

Oxy-muriatic acid is a compound of the same base with a cer- 
tain proportion of oxygen. Into this compound, the water, which is 
essential to the constitution of ordinary muriatic acid, does not enter. 
It follows, therefore, that a certain base, united with water, compos- 
es muriatic acid gas ; and, united with oxygen, oxy-muriatic acid. 

SECTION I. 

Muriatic Acid. 

I. The muriatic acid, in its purest form, exists in the state of a 
gas, permanent over mercury only. For exhibiting its properties, 
therefore, a mercurial apparatus is absolutely necessary. (See note 
27 at the end of this vol.) 

To obtain muriatic acid gas, let the tubulated gas bottle (plate 2, 
fig. 17) be about one fourth, or one third, filled with well dried muri- 
ate of soda (common salt). To this adapt the acid-holder filled with 
concentrated sulphuric acid ; and let the aperture of the bent pipe 
terminate under a jar filled with, and inverted in, quicksilver. Open 
the communication between the acid and the salt, by turning the 
cock ; and immediately on the contact of these two bodies, an im- 
mense quantity of muriatic acid gas will be disengaged. The first 
portions, that come over, may be allowed to escape, by holding the 
gas bottle under a chimney ; because they are contaminated by the 
admixture of the common air present in the bottle. The subsequent 
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portions may be preserved for use ; and the pure gas will exhibit 
the following qualities : 

(a) It has a very pungent smell ; and is sufficiently caustic to 
blister the skin, when applied to it for some time. 

(b) When brought into contact with common air, it occasions a 
white cloud. This is owing to its union with the moisture always 
present in the atmosphere. 

(c) It extinguishes a lighted candle. Before the flame goes out, 
the upper part of it assumes a greenish hue, the cause of which has 
not yet been explained. A white .vapour also surrounds the extin- 
guished wick, owing to the combination of water, produced by the 
combustion of the candle, with the muriatic acid gas. 

((/) It is heavier than common air, in the proportion of 173 to 100. 
Biot and Gay Lussac, however, state its specific gravity at only 
1.278. Hence 100 cubic inches (taking that quantity of common air 
at 31 grains) should weigh only 39.51 grains. 

(e) It effects the liquefaction of a piece of ice, almost as rapidly 
as a red hot coal. 

(/) It is very rapidly absorbed by water. A drop or two of 
water, admitted to a large jar full of this gas, causes the whole of it 
instantly to disappear. According to Mr. Kirwan, an ounce-measure, 
troy, of water absorbs 800 cubical inches (i. e. 421 times its bulk, or 
its own weight) of muriatic acid gas ; and the water, by this absorp- 
tion, is increased about one third its original volume. Dr. Thomson's 
experiments indicate a still larger absorption, viz. 515 cubical 
inches, or 308 grains by one cubic inch, equal to 252 grains of water, 
at 60° Fahrenheit : the barometer standing at 29.4. The recent ex- 
periments of Berthollet have shown that 100 grains of water absorb 
12.467 of muriatic acid gas deprived of all redundant water by pass- 
ing it through a tube, surrounded by a freezing mixture. By this 
absorption, Ave obtain an acid of the specific gravity 1061.4. From 
calculation it appears that acid of this density contains in 100 grains 
only 8.55 of real acid. 

(g) Muriatic acid gas is not decomposed by being transmitted 
over red-hot charcoal, nor by a succession of electrical shocks. The 
action of electricity, however, evolves a small portion of hydrogen 
gas, proceeding from the water which the acid gas holds in combina- 
tion. From an estimate, founded on this experiment, I have inferred 
that 100 cubic inches, or 60 grains of muriatic acid gas, after being- 
dried by muriate of lime, hold in combination 1.4 grain ot water. 
(Philosop'.ical Transactions, 1800.) The more recent researches of 
EerthoUet and Davy, however, have discovered a much larger pro- 
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portion. According to the former,* one fourth, and according to the 
latter a third, of the weight of muriatic acid gas is water. 

Nature of Muriatic Acid, 

From the powerful agency of potassium in depriving bodies of 
oxygen, it was natural to expect that if the muriatic acid be a com- 
pound of oxygen with a peculiar basis, its decomposition might pos- 
sibly be effected by means of this new metal. The experiment was» 
therefore, made by Mr. Davy with considerable attention, and with the 
following result. 

When potassium, lie observes, is introduced into muriatic acid 
gas, dried by muriate of lime, it immediately becomes covered with a 
white crust ; it heats spontaneously ; and, by the assistance of a lamp, 
acquires, in some parts, the temperature of ignition, but does not in- 
flame. If the potassium and the gas be in proper proportions, they 
both entirely disappear ; a white salt is formed, and a quantity of pure 
hydrogen gas is evolved, which is equal to about one third the original 
volume of the acid gas. Eight grains of potassium effected the absorption 
of nearly twenty-two cubic inches of muriatic acid gas: and the quantity 
of hydrogen gas produced amounted to more than eight cubical inches. 

It is remarkable, however, that a given weight of potassium, by 
its action on muriatic acid gas, evolves exactly the same quantity of 
hydrogen, as would arise from its agency on water. This fact may 
be regarded almost as a proof that the phenomena depend merely on 
the water, which the gas holds in combination. But the conclusion 
is decisively established, by comparing the real muriatic acid (which 
may be done by precipitation with nitrate of silver) in the muriate of 
potash generated in the experiment, with that contained in an equal 
volume of the gas itself ; and if this be accurately performed, no dif- 
ference, Mr. Davy observes, will be found in the weight of the 
results. 

The action, then, of potassium on muriatic acid gas consists en- 
tirely in its decomposing the water of the gas, and not at all in the 
destruction of its really acid part. The decomposition of this acid, 
therefore, remains as much a problem as ever. 

Though the principal object of Mr. Davy's experiments on mu- 
riatic acid wus not accomplished, yet several curious facts occurred 
in the investigation, some 'of which it may be proper to state. 

A variety of expedients were attempted to obtain muriatic acid 
gas perfectly free from water, but without success. The materials, 
which are capable of affording it when either one or both contain 

* Memgires d'.lrcueil, ii. 56. 
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water, yield no gas whatsoever when both are in a state of complete 
dryness. Thus dry phosphoric acid or boracic acid, mixed with dry 
muriate of lime, and strongly heated in a forge, give no gas. Hence 
it would appear that water is an essential constituent of this gas. The 
quantity which it contains, Mr. Davy estimates" at about one third of 
its weight. 

Though muriatic acid, however, cannot be obtained in a state of 
complete separation from water, yet in some of its combinations, it 
appears not to contain any of this fluid. When in this state it is very 
remarkable, that though its acidity be not neutralized, yet it loses one 
of the distinguishing characters of an acid, viz. that of reddening lit- 
mus paper. Thus in the liquid compound of muriatic and phospho- 
rous acids, perfectly dry litmus paper sustains no change of colour ; 
but is immediately reddened when introduced moist. 

All fluid acids, also, arc good conductors of electricity ; but the 
liquid compounds of muriatic acid free from water (such as that with 
phosphorous acid) are complete non-conductors. 

It is still farther remarkable that the muriatic acid, existing in 
these liquid compounds, is rendered gaseous by the addition of water, 
a confirmation of the principle that water is essential to the constitu- 
tion of this gas. 

Of all known acid substances, Mr. Davy observes (Philosophical 
Transactions, 1809, page 468), the dry muriatic acid is that which 
seems to possess the strongest and most extensive powers of combi- 
nation. It unites with all acids except the carbonic ; and with all ox- 
ides (including water) ; and with all the compound inflammable bod- 
ies except carbonaceous matter and metals. Should it ever be ob- 
tained in a pure form, it will probably be one of the most powerful 
agents in chemistry. 

Process for fire/iaring Liquid Muriatic Acid. 
Into a tubulated retort, placed in a sand-bath, put eight parts of 
dried muriate of soda ; and, to the tubulure, lute the bent tube (fig. 
26, a) with fat lute. To the neck of the retort, affix a tubulated re- 
ceiver (fig. 30, b) by means of the same lute ; and to the aperture of 
this adapt a tube, twice bent at right angles, and furnished with Wel- 
ter's contrivance for preventing absorption (fig, 31, 6), the longer leg 
of which terminates beneath the surface of water contained in a two- 
necked bottle. From the other neck, let a second right-angled pipe 
proceed ; and this may terminate in a similar manner, in a second 
bottle containing water. Let the junctures be all carefully luted ; 
and, when they are sufficiently hardened, pour very gradually through 
Vol. I. 38 



^98 LIQUID MURIATIC ACID. CHAP. XIV. 

the bent tube five parts by weight of strong sulphuric acid, making 
the additions at several distant intervals. On each affusion of the 
acid a large quantity of muriatic acid gas will be liberated, and will 
be absorbed by the water of the first bottle, till this has become satur- 
ated. It will then pass on to the second bottle, and be there absorbed. 
The water employed may amount to half the weight of the salt, and 
may be equally distributed between the two bottles. These it is bet- 
ter to surround with cold water, or, still preferably, with ice or snow ; 
because the condensation of the gas evolves considerable heat, which 
prevents the water from attaining its full impregnation. When the 
whole of the sulphuric acid has been added, and the gas no longer is- 
sues, let a fire be lighted in the furnace, beneath the sand-bath, re- 
moving the bent tube a, and substituting a well-ground glass stop- 
per. This will renew the production of gas ; and the temperature 
must be preserved, as long as gas continues to be evolved. At this 
period it is necessary to keep the luting, which connects the retort 
and receiver, perfectly cool ; otherwise it will be apt to melt. To 
this juncture, indeed, I prefer the application of the clay and sand 
lute ; but this requires some address. Towards the close of the pro- 
cess, a dark-coloured liquid is condensed in the first receiver, con- 
sisting of a mixture of sulphuric and muriatic acids. When nothing 
more comes over, the operation may be suspended, and the liquid in 
the two bottles must be preserved in bottles with ground stoppers. 
It consists of liquid muriatic acid. 

The liquid muriatic acid may also be obtained by diluting the sul- 
phuric acid with the water necessary for the condensation of the gas, 
and adding the dilute acid, when cold, to the salt in the retort. To 
the retort, an adopter may be luted with the clay and sand lute ; and 
this may terminate in a large tubulated receiver, from the aperture 
of which a right-angled Welter's tube proceeds, and is conveyed be- 
neath a few ounces of water, contained in a two-necked bottle. A 
fire must then be lighted under the sand-bath, and continued as long 
as any liquid comes over. The adopter and receiver must be kept 
cool, by the constant application of moistened cloths. 

The proportions, directed by the London College of Physicians, 
are four parts of dried salt, three of sulphuric acid, and three of wa- 
ter, all by weight. The acid and one third of the water are ordered 
to be mixed together in a glass retort. When they are cold, the 
muriate of soda is to be added ; the remainder of the water poured 
into a receiver ; and, the retort and receiver being luted together, 
the muriatic acid is to be distilled into the latter, by a heat gradually 
raised to redness. If the whole charge of acid, water, and salt, be 
introduced at once into the retort, the first application of heat de- 



SECT. I. LIQUID MURIATIC ACID. 299 

taches muriatic acid gas, without water enough to condense it ; and 
a portion passes to waste. Care should he taken not to close the hit 
ing,till the whole of the common air is first expelled. The charge 
should not occupy more than half the bulk of the retort, and this ves- 
sel may be preserved after the operation by pouring water at 212° 
into it, when the materials, remaining after distillation, have cooled 
down to about that temperature. The weight of the acid produced 
should equal, or a little exceed, that of the salt employed.* 

If the muriatic acid, thus obtained, should contain sulphuric acid, 
which may be discovered by muriate of bavytes occasioning a white 
precipitate, the acid is to be re-distilled from a fresh portion of muri- 
ate of soda. When prepared by Woulfe's apparatus, the product in 
the second bottle is always perfectly pure. 

The acid formed by the latter process has the specific gravity on- 
ly of about 1170; but by Woulfe's apparatus, and especially when 
the bottles are surrounded by ice or snow, it approaches that of 1500. 
The lower degree of specific gravity, however, which has been men- 
tioned, is best adapted for keeping ; for the dense acid emits a large 
quantity of fumes, which are extremely inconvenient and injurious to 
all metallic instruments. 

The caput mortuum consists of sulphate of soda with some un- 
decomposed muriate of soda. The former may be obtained, in a 
crystallized form, by first driving off, by a strong heat, the excess of 
sulphuric acid that adheres to it ; and then dissolving it in hot water. 
The product of sulphate of soda exceeds that of the muriate employ- 
ed in the proportion of about eight to five. 

Liquid muriatic acid has the following properties : 

1. It emits white suffocating fumes. These consist of muriatic 
acid gas, which becomes visible by contact with the moisture of the 
air. 

2. When heated in a retort, or gas bottle, muriatic acid gas is dis- 
engaged, and may be collected over mercury. 

3. Liquid muriatic acid is not decomposed by the contact of char- 
coal, essential oils, or other combustible bodies. 

4. When diluted with water, no remarkable elevation of temper- 
ature is produced. 

5. In a perfectly pure state it is quite colourless ; but it has fre- 
quently a yellowish hue. This may proceed, either from a portion 

' Calculating on the data already quoted from Berthollet, and assuming 
that muriate of soda contains 46 per cent, of acid, 100 parts of common salt, 
supposing it to he entirely decomposed by sulphuric acid, and none of the gas 
to be lost, should impregnate 368 parts of water to the density of H60, and af- 
ford 414 parts of liquid acid of that specific gravity. 
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of oxygenized muriatic acid, or of muriate of iron, but, I believe, 
most commonly of the latter. This colour is instantly destroyed by a 
few drops of muriate of tin. 

6. Muriatic acid combines readily with alkalis, and with most of 
the earths, both in their pure and carbonated states. 



SECTION II. 

Muriates. 

Aht. 1. — Muriate of Potash. 
Muriate of potash may be obtained by saturating muriatic acid 
with carbonate of potash, and evaporating the solution till the salt 
crystallizes. These crystals have a cubical shape, and a bitter, disa- 
greeable taste ; they dissolve in three times their weight of water, at 
60°, and in a rather less proportion of boiling water. They undergo 
little change when exposed to the air ; they decrepitate when thrown 
on the fire, but abandon only a small portion of their acid. 

From the experiments of Bertbollet it appears that this salt is 
composed, exclusive of water, of 

66.66 potash 
33.34 acid 
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Art. 2.— Muriate of Soda. 
Muriate of soda is that well known substance, common salt, 
which is become a necessary ingredient in the food of man, and is of 
essential utility in several of the arts. 

I. Its composition may be proved, by the direct union of soda with 
muriatic acid. 

But for purposes of experiment, the common salt may be employ- 
ed, which is to be found in the shops. This may be purified, by add- 
ing to a solution of it in water a solution of carbonate of soda, as long 
as any milkiness ensues ; filtering the solution, and evaporating it till 
it crystallizes. 

II. Its qualities are as follows : 

1. It crystallizes in regular cubes, which, when the salt is pure, 
are but little changed by exposure to the air. The common salt of 
the shops, however, acquires an increase of weight, in consequence 
of the absorption of moisture. The various forms under which it ap- 
pears, of stoved salt, fishery salt, bay salt, Sec, arise rather from dif- 
ferences in the size and compactness of the grain, than from any es- 
sential difference of chemical composition. 
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2. It requires, for solution, twice and a half its weight of water, 
at 60° of Fahrenheit, and hot water takes up very little more. Hence 
its solution crystallizes, not like that of nitre, hy cooling, but by evap- 
oration. 

3. When heated gradually it fuses, and forms, when cold, a solid 
compact mass. 

4. If suddenly heated, as by throwing it on red-hot coals, it de- 
crepitates. It does not, however, after being dried at the tempera- 
ture of boiling water, lose by ignition more than two or three parts of 
water per cent. 

5. It is not decomposed when ignited in contact with inflammable 
substances. 

6. When mixed with powdered charcoal or sulphur, and fused in 
a crucible, it does not undergo any decomposition or essential change ; 
because the muriatic acid, if it contain any oxygen (which has not 
yet been proved), holds that basis more strongly combined than it is 
attracted by combustible bodies. 

7. It is decomposed by the carbonate of potash, the alkali of which 
combines with the muriatic acid of the salt, and the carbonic acid is 
transferred to the soda. — Hence we obtain muriate of potash and car- 
bonate of soda. A process for effecting this decomposition, on a large 
scale, is described by Wcstrumb, in Crell's Journal, English transla- 
tion, ii. 127. 

8. It is decomposed by the sulphuric acid in the mode already 
described. Nitric acid also separates the muriatic acid. 

It consists according to Darcct, whose estimate has the sanction 
of Gay Lussac, of 

50.73 alkali 
49.27 acid 
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Dr. Marcet, however (Philosophical Transactions, 1807,) whose 
analyses are distinguished by peculiar neatness and precision, calcu- 
lates its composition to be 

46 acid 
54 soda 

100 

Art, 3. — Muriate of Ammonia. (Sec note 28 at the end of this vol.) 

1. If equal measures of ammoniacal gas and muriatic acid gas be 
d together, over mercury, they are immediately and totally con- 
densed, a white cloud is formed, and a solid substance is deposited 
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on the sides of the vessel. — This is the muriate of ammonia. It is 
composed, by weight of 

38.35 alkali 

61.65 acid 
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For the purposes of experiment, it may be procured in the shops, 
under the name of sal-ammoniac. 
Its properties are as follows : 

(a) It is volatilized, without being liquefied or decomposed, and 
hence may be sublimed. 

(b) It is readily soluble in water, three parts and a half of which, 
at 60° take up one of the salt. During its solution much caloric is 
absorbed. In boiling water it is still more soluble ; and the solution, 
on cooling, shoots into regular crystals. 

(<?) It slightly attracts moisture from the air. 

(d) On the addition of a solution of pure potash, or pure soda, 
the alkali is disengaged, as is evinced by the pungent smell that 
arises on the mixture of these two bodies, though perfectly inodorous 
when separate. 

(e) It is also decomposed by barytes, strontites, lime, and mag. 
nesia. 

For the purpose of separating the volatile alkali, and obtaining it 
in a liquid form, lime is generally employed. Two parts of powder- 
ed and sifted lime are to be mixed with one of muriate of ammonia, 
and put into a retort, the neck of which is to be luted (with slips of 
moistened bladder, bound down by string), to a tubulated receiver 
(fig. 31, c). From the other opening of the receiver, a right-angled 
tube, with Welter's addition (fig. 31, b), is to proceed, and to termin- 
ate beneath the surface of water, contained in a two-necked bottle (r). 
This bottle is to be connected, by a second right-angled tube, with 
another similar bottle (d), containing (as should the first also) a quan- 
tity of water, equal in weight to one fourth that of the muriate of am- 
monia. The decomposition is effected by heat ; and the gas is ab- 
sorbed by the water contained in the bottles, which should be sur- 
rounded by ice or snow. The water acquires a strong smell, and 
has its specific gravity diminished, when fully impregnated, to 0.9684. 
This watery solution, when heated in a gas bottle, gives up its am- 
monia, which passes over in an aeriform state, and may be received 
over quicksilver. 

A solution of ammonia, in water, may also be obtained, as follows : 
Slake two parts of quicklime, with two of water ; add to this, when 
«old, one part of muriate of ammonia, and six parts of water. Stir 



SECT. II. MURIATES. 



303 



the mixture, and transfer it into a retort ; lute on a receiver ; and 
separate, by dist illation, one part of liquid. The former process, 
however, is incomparably the best. 

When a mixture of one part of powdered muriate of ammonia 
with two of powdered carbonate of lime (chalk), both perfectly free 
from moisture, is distilled together in a retort, a solid white substance 
condenses on the inner surface of the receiver. This is the carbon- 
ate of ammonia ; and the process now described is that by which, 
with the substitution of proper subliming vessels, the carbonate of 
ammonia is prepared for sale. This operation furnishes an exam- 
ple of double affinity. The carbonic acid, being transferred from the 
We to the ammonia, forms carbonate of ammonia ; and the muria- 
tic acid, passing to the lime, composes muriate of lime. 

Art. 4. — Muriate of Barytes 
Is best prepared, by dissolving either the artificial or native car- 
bonate in muriatic acid much diluted ; or, if neither of these can be 
had, the sulphuret. The iron and lead, which are occasionally dis- 
solved, along with the barytes, may be separated by the addition of a 
small quantity of liquid ammonia, or by boiling and stirring the so- 
lution in contact with a little lime. When filtered and evaporated, 
the solution yields regular crystals, which have most commonly the 
shape of tables, bevelled at the edges, or of eight-sided pyramids, ap- 
plied base to base. They dissolve in five parts of water, at 60°, or 
in a still smaller quantity of boiling water ; and also in alcohol. 
They are not altered by exposure to the atmosphere ; nor are they 
decomposed, except partially, by a high temperature. The sulphu- 
ric acid separates the muriatic ; and the salt is also decomposed by 
alkaline carbonates and sulphates. According to Mr. Aikin (Nich- 
olson's Journal, xxii.), muriate of barytes, after ignition, contains 
26.86 acid 
73.14 base 
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And the fully crystallized muriate consists of 
22.93 acid 
62.47 base 
14.6 water 



100 



Art. 5. — Muriate of Strontites 
May be obtained by following the same process as that employed 
in preparing the barytic salt. The solution affords long slender hex- 
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agonal prisms, which are soluble in two parts of water, at 60° ; and 
to almost any amount in boiling water. In a very moist atmosphere 
they deliquiate. They dissolve in alcohol, and give a blood-red col- 
our to its flame. 

Art. 6.— Muriate of Lime. 

This salt may be prepared by dissolving carbonate of lime in mu- 
riatic acid, or by washing off the soluble part of the mass, which re- 
mains after the distillation of the solution of pure ammonia from mu- 
riate of ammonia and lime. 

The solution crystallizes in six-sided striated prisms, terminated 
by very sharp pyramids. If it be evaporated to the consistence of a 
syrup, and exposed in a temperature of 32°, it forms a compact mass 
composed of bundles of needle-shaped crystals, crossing each other 
confusedly. 

The crystals di|so,lve in half their weight of cold water, and to an 
unlimited extent in boiling water, being in fact, soluble in their wa- 
ter of crystallization. — They deliquiate rapidly in the air, and enter 
into fusion when heated. After being melted by a strong heat, the 
fused mass still contains water ; for by ignition with iron filings, it 
yields much hydrogen gas. If fused in a crucible, and treated in the 
same manner as the nitrate of lime, the crystals yield a solar phospho- 
rus, called, from its discoverer, Romberg's fihosfihorus. When min- 
gled with snow, they produce intense cold, as has already been de- 
scribed. 

Art. 7. — Muriate of Magnesia. 

This is also a deliquescent and' difficult crystallized salt. It has 
an intensely bitter taste ; is soluble in its own weight of water, or in 
five parts of alcohol. Unlike the preceding muriates, it is decompos- 
ed by ignition in a high temperature. 

The muriates of magnesia and lime are generally contained in 
muriate of soda, and impart to that salt much of its deliquescent prop- 
erty. They impair, too, its power of preserving food. They are al- 
so ingredients of sea- water. 

Art. 8. — Muriate of Aluminc 

May be formed by dissolving fresh precipitated alumine in muri- 
atic acid ; but the acid is always in excess. It is scarcely possible 
to obtain this salt in crystals; for, by evaporation, it assumes the state 
of a thick jelly. It is extremely soluble in water, and deliquescent 
when dry. In a high temperature it abandons its acid entirely. 
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Art. 9. — Muriate of Glucine. 

This salt is little known. Like all the salts of glucine, it has a 
sweet taste, and crystallizes more readily than the nitrate. 

Art. 10. — Muriate of Zircon. 

Fresh precipitated zircon is readily dissolved by muriatic acid. 
The compound is colourless ; has an astringent taste ; and furnishes, 
by evaporation, small needle-shaped crystals, which lose their trans- 
parency in the air. It is very soluble in water and in alcohol. It is 
decomposed by heat, and by the saliva of the mouth. The gallic 
acid, poured into the solution, precipitates, if it be free from iron, a 
white powder. Carbonate of ammonia gives a precipitate, which is 
re-dissolved by an excess of the carbonate. 

Art. 11. — Muriate of Yttria. 

This compound has a striking resemblance to nitrate of yttria. 
Like that salt it dries with difficulty, and attracts moisture from the 
air. It docs not crystallize, when evaporated, but forms a jelly. 

SECTION III. 

Oxygenized Muriatic Acid. [See note 29 at the end of this vol.] 

I. This acid may be formed by either of the following processes ; 
which do not, however, afford a gas of precisely the same composi- 
tion. That obtained by the third method is best adapted for exhib- 
iting its effects on combustible substances. 

Process 1 . Into a stoppered retort introduce eight ounces of liq- 
uid muriatic acid, and four ounces of finely powdered manganese, 
and apply the heat of a lamp. A gas will be produced, which may 
be received over water in the usual manner. From the foregoing 
materials about 160 cubical inches of gas may be obtained. 

Process 2. Mix eight ounces of muriate of soda (common salt) 
with three ounces of powdered manganese ; put them into a stop- 
pered retort, and pour on them four ounces of sulphuric acid, di- 
luted previously with four ounces of water, and which has been 
suffered to cool after dilution. On the proportions recommend- 
ed by Thenard may be employed, viz. 1750 muriate of soda, 450 ox- 
ide of manganese, water and sulphuric acid each 800. On apply- 
ing a gentle heat gas will be produced, as in Process 1. As the gas 
is absorbed by contact with water, though not rapidly, it should be 

received, when it is intended to be kept, in bgttles filled with, and in- 
Vol. I. 39 
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verted in water, and provided with ground stoppers. The stoppers 
must be introduced under water, while the bottle remains inverted. 

Process 3. To an ounce-measure of liquid muriatic acid, con- 
tained in a gas bottle, add three or four drachms of a salt, which will 
presently be described, the hyperoxygenized muriate of potash. If 
the acid be very concentrated, gas will be evolved without the appli- 
cation of heat; and, when it has ceased to be generated, the produc- 
tion will be renewed by a gentle heat, such as that obtained by im- 
mersing the gas bottle in a vessel of warm water. Receive the gas 
into bottles, furnished with extremely well-ground stoppers ; and, 
when they are full, put the stopper into its place, and invert the bot- 
tles, with their mouths downwards, in mercury. 

As the gas, evolved by all these processes, is rapidly absorbed by 
cold water, the water of the receiving trough should be of the temper- 
ature of between 80° and 90° Fahrenheit ; and the gas should remain, 
as short a time as possible before use, in contact with water. Mercu- 
ry is not adapted for its reception, because on this metal the gas ex- 
erts a considerable action. 

II. Oxygenized muriatic acid gas has the following proper- 
ties : 

(a) It has a deep yellow colour. 

(6) It has a pungent and suffocating smell. In experiments on 
this gas, great care should be taken that it does not escape, in any 
considerable quantity, into the apartment; for its action on the lungs 
is extremely injurious and oppressive. It is heavier than common 
air (taking the statement of Gay Lussac) in the proportion of 2470 to 
1 000. It is composed of 

77.65 muriatic acid 
22.35 oxygen 



100 

(c) By a temperature of 40°, it is reduced into a liquid form, and 
is condensed on the sides of the vessel. Hence some chemists have 
contended, that it should be classed among vapours, and not among 
gases. 

When a receiver, filled with this gas, is surrounded by snow, or 
pounded ice, the gas forms on its surface a solid concretion, of a yel- 
lowish colour, resembling, in its ramifications, the ice which is depos- 
ited on the surface of windows during a frosty night. By a moderate 
increase of heat, such as to 50° Fahrenheit, this crust melts into a 
yellowish oily liquid, which, on a farther elevation of temperature, 
passes tothe state of a gas. 
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(d) The oxygenized muriatic acid exerts powerful effects on va- 
rious combustible bodies, both aeriform, liquid, and solid. 

1. Let a phial, provided with a well-ground stopper, be filled with 
a mixture of hydrogen gas, and oxy-muriatic gas, procured by Pro- 
cess 3, in the proportion of three of the former to four of the latter. 
Put the stopper into its place, and keep the bottle 24 hours, inverted 
with its mouth under water. On withdrawing the stopper, nearly the 
whole of the gas will have disappeared : and the remainder will be 
absorbed by the contact of water. In this experiment, the oxygen of 
the acid gas combines with the hydrogen, and forms water ; and the 
acid returns to the state of common muriatic acid. 

2. Mingle, in the detonating tube (fig. 28 or 29), three measures 
of hydrogen gas with four of oxygenized muriatic gas. When an 
electric spark is passed through the mixture, a detonation will ensue, 
and nearly the whole will be absorbed. The proportion of hydrogen 
and pure oxy-muriatic gases, required for mutual saturation, accord- 
ing to Mr. Cruikshank, is 3 of the former to 3| of the latter. If it 
be correct, however, as Gay Lussac has stated, that the oxygen in 
this gas is equal to exactly half its volume, it ought to saturate pre- 
cisely an equal bulk of hydrogen gas. 

A singular fact, respecting the mutual action of oxy-muriatic acid 
and hydrogen gases, has been observed by Gay Lussac, and, without 
any knowledge of his experiments, by Mr. Dalton- A mixture of the 
two gases, in the proper proportion, is slowly absorbed under ordina- 
ry circumstances ; but if the direct rays of the sun happen to fall on 
the mixture, the two gases diminish with considerable rapidity ; and, 
if the quantity be large, they even explode. This is a singular in- 
stance of the agency of light in promoting chemical combination. 

3. Both the foregoing experiments may be repeated, with the 
substitution of carburetted hydrogen gas from moistened charcoal, 
from distilled coal, or from stagnant water. A larger proportion of 
the oxygenized acid, however, must be used, viz. three or four meas- 
ures to one of the combustible gas. In this case, also, the diminu- 
tion is not complete ; for there remains a quantity of carbonic acid 
gas, which may be absorbed by lime-liquor. If a proportion of oxy-mu- 
riatic gas, less than what is required for saturation, be fired with any 
of these gases, there is an abundant precipitation of charcoal. The 
direct rays of the sun's light quicken, also, the action of oxy-muriatic 
acid on carburetted hydrogen gas, and even occasion an explosion of 
the mixture. 

4. The carbonic oxide is converted, by contact with the oxy-mu- 
riatic gas, into carbonic acid. Mix two measures of the carbonic ox- 
ide with two thirds of the oxygenized gas ; and allow them to stand 
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for 24 hours, in a bottle which is entirely filled by the mixture. On 
withdrawing the stopper at this period under water, the water will 
rush in, and will fill two thirds of the bottle. The remaining one 
third is carbonic acid gas, absorbable by lime-water. It is remark- 
able, that a mixture of these tAvo gases cannot be set on fire by the 
electric spark ; nor is it affected by the direct incidence of the sun's 
rays, like hydrogen and its compounds. 

5. The olefiant gas exhibits, when mixed with oxy-muriatic gas, 
a very singular appearance. It is diminished in bulk, as rapidly as 
oxygen gas is by nitrous gas, and a thin film of oil forms on the sur- 
face of the water. The proportions required, for complete condensa- 
tion, are 2| measures of the olefiant to 3 of the oxygenized gas. This 
phenomenon is not perfectly understood. 

6. Oxy-muriatic gas exerts no action on nitrogen gas ; but ni- 
trous gas is condensed by it, in the same manner as by oxygen gas. 

7. When mixed with sulphuretted hydrogen gas, it occasions a 
condensation, and a precipitation of sulphur. It condenses sulphur- 
ous acid gas into sulphuric acid. 

8. Phosphorus introduced into the oxygenized acid gas, takes 
fire spontaneously, and burns vehemently. The results of this com- 
bustion were particularly examined by Mr. Davy. He introduced 
phosphorus into an exhausted receiver, and then admitted oxy-muri- 
atic acid gas. The phosphorus took fire and burnt with a pale white 
flame. A white sublimate collected within the vessel, and a fluid a i ; 
limpid as water trickled down its side. No muriatic acid gas was lib- 
erated ; but this acid was found to exist in intimate combination with 
the phosphoric acid, constituting the white sublimate ; and, also, unit- 
ed with phosphorus acid in the condensed liquid. 

9. Sulphur is not inflamed by it ; but a piece of sulphur fastened 
to the end of a glass rod, and confined in the gas, is slowly oxygeni- 
zed, and drops down in a liquid form. 

By passing streams of this gas through flowers of sulphur, Dr. 
Thomson obtained a new combination of oxide of sulphur with muri- 
atic acid, which he terms sulphuretted muriatic acid. His account 
of the properties of this substance may be found in the 6th volume of 
Nicholson's Journal. More recently it has been examined by Ber- 
thollct, jun. (Memoircs d'Jrcueil,\.) who is of opinion that it is a 
triple compound of oxygen, sulphur, and muriatic acid, perfectly free 
both from sulphuric and sulphurous acids. 

10. The charcoal of beech-wood, when finely powdered, and per- 
fectly dry, is inflamed by this gas. So also is the phosphorus of 
Jlombcrg. 

In the Philosophical Transactions (for 1809, page 466), Mr. Da- 
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vy, however, has given an account of an experiment, in which char- 
coal, in a state of ignition, on being brought into contact with oxy- 
muriatic acid gas, was instantly extinguished. When charcoal was 
kept intensely ignited in a globe filled with oxy-muriatic acid gas, very 
little effect was produced. The hydrogen, evolved from the char- 
coal, united with a part of the oxygen of the acid, and formed aque- 
ous vapour, which again composed common muriatic acid with the 
de-oxvgenatcd portion of the acid. After this had been accomplish- 
ed, no farther change ensued. This furnishes one proof among oth- 
ers that oxy-muriatic acid cannot be decomposed without the pre- 
sence either ot hydrogen or of water. 

1 1. Almost every metal, in a state of minute division, takes fire 
spontaneously, and burns in this gas. The very malleable metals, 
. such as gold, silver, &x., which can be reduced to extremely thin 
leaves, are best applied to the gas in this state. Others, as iron, 
zinc, copper, fcc, must be introduced in the state of fine filings. 
The most readily oxydized metals burn with the greatest brilliancy. 
The proportion is about 40 grains of each metal to 40 cubic inches 
of gas ; and, into the bottom of the receiver a little sand may be 
poured, to prevent it from being broken. 

Metallic antimony burns with a very brilliant white flame, and 
throws out sparks. Arsenic exhibits a fine green or blue flame, at- 
tended with sparks, and a dense white smoke ; bismuth, a blueish 
flame ; nickel, a yellowish white one ; cobalt, a blueish white ; zinc, 
a white flame and sparks ; tin, a blueish white light ; lead, a clear 
white flame ; copper, a red and slowly spreading light ; and iron, a 
bright red light. In all these experiments, the temperature of the 
gas should not fall short of 70° ; and, to ensure their success, it 
should be prepared by the third process. 

(c) The oxygenized muriatic gas destroys all vegetable colours. 
This may be shown by passing into it, through water, a piece cf 
cloth, or of paper, stained with litmus, the colour of which will 
speedily disappear. Hence the application of this gas to the pur- 
pose of bleaching. Its efficacy, in this mode, may be seen by con- 
fining in it a pattern of unbleached calico. 

(/) This gas is absorbed by water ; slowly, if allowed to stand 
over it quiescent, but rapidly when agitated. 

The best method of effecting the impregnation of water with this 
gas, is by means of a Woulfe's apparatus, the bottles of which should 
be surrounded by ice-cold water. The precise bulk of the gas, 
which water is capable of absorbing, is not ascertained. According 
to the proportions stated by Berthollet, 1000 grains oi" water, at the 
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temperature of 43° Fahrenheit, take up 1073 grains of the gas, and 
acquire the specific gravity of 1003. 

(g) The watery solution, if perfectly free from common muriatic 
acid, has not the usual taste of an acid, but an astringent one. Its pu- 
rity from muriatic acid may be ascertained by a solution of nitrate of 
mercury, which is precipitated by the common, but not by the oxy- 
genized acid. 

(h) The watery solution acquires the colour and peculiar smell of 
the gas, and has a similar property of discharging vegetable colours. 
Hence it may be employed in bleaching. 

That its action in bleaching is attended with the decomposition of 
the acid, and the deprivation of its oxygen, may be ascertained by ex- 
amining a portion of the liquid, by means of which several patterns 
of unbleached calico have been successively whitened. The liquor 
will be found almost entirely to have lost its smell, and to precipitate 
nitrate of mercury abundantly. 

(i) When the watery solution is exposed to a temperature a little 
above that of freezing water, the gas, which is combined with it, sep- 
arates in the form of a liquid, heavier than water. 

(k) The oxygenized acid is not decomposed by the temperature 
of boiling water ; for it may be raised in distillation, and again con- 
densed without change. 

(/) When this solution is exposed to the direct rays of the sun, 
the oxygenized acid is decomposed ; its oxygen escapes in the form 
of a gas, and it is reduced to the state of common muriatic acid. The 
oxygen gas may be collected, by exposing the solution in a gas bot- 
tle furnished with a ground stopper and bent tube, which terminates 
in the pneumato-chemical apparatus. 

(m) The oxygenized muriatic acid combines with alkali, and 
forms peculiar compounds. 

SECTION IV. 

Hyper-oxygenized Muriates. 

Art. \.—Hyfier -oxygenized Muriate of Potash. 
[See note 30 at the end of this vol.] 
The properties of this salt were discovered by Berthollet. It 
may be formed by passing the oxygenized muriatic acid gas, as it 
proceeds from the mixture of muriate of soda, sulphuric acid, and 
manganese (see the preceding section, Process 2) through a solu- 
tion of caustic potash. This may be done by means of Woulfe's ap- 
paratus, using only one three-necked bottle in addition to the balloon. 
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The tube, which is immersed in the alkaline solution, should be at 
least half an inch in diameter, to prevent its being choked up by any 
crystals that may form. The solution when saturated with the gas, 
may be gently evaporated, and the first products only of crystak are 
to be reserved for use ; for the subsequent products consist of com- 
mon muriate of potash only. — Now, since the gas, when it first came 
into contact with the alkaline solution, was purely oxygenized muri- 
atic acid, it follows that a part of this acid must have been dis-oxy- 
genized during the absorption, and have returned back to the state ot 
common muriatic acid. Let us suppose the oxygenized acid, when 
first presented to the alkaline solution, to be divided into two por- 
tions ; one of these gives up its excess of oxygen to the other half, re- 
turns to the state of common muriatic acid, and combining with the al- 
kali, forms muriate of potash. — The latter portion, therefore, is oxy- 
genized acid, plus a certain quantity of oxygen ; and this, uniting 
with another portion of alkali, forms a salt, which Mr. Chenevix has 
termed hyper-oxygenized muriate. Strictly speaking, simple oxy- 
genized muriates do not exist ; for, in all this class of salts, the acid 
contains 65 per cent, of oxygen ; whereas, the oxygenized acid con- 
tains only 16 per cent. It might be expected that a stronger acid, 
such as the sulphuric, would expel from these salts the hyper-oxy- 
genized acid in the form of gas ; but this acid, by the temperature 
necessary for its liberation, is partially decomposed, and again returns 
nearly to the state of oxygenized acid. 

The reader, who wishes for farther informatiod on this subject, is 
Feferred to a masterly paper of Mr. Chenevix, in the Philosophical 
Transactions, 1801 ; reprinted in Nicholson's 8vo. Journal, vol. i. 
and in the Philosophical Magazine ; and also to Mr. Hoyle's Essay, 
in the 5th volume of the Manchester Memoirs. 

The hyper-oxygenized muriate of potash has the following qual- 
ities : 

(a) It has the form of shining hexahedral laminae, or rhomboidal 
plates. 

(6) One part of the salt requires 1 7 of cold water for solution, but 
five parts of hot water take up two of the salt. 

(c) It is not decomposed by exposure to the direct rays of the 
sun, either in a crystallized or dissolved state. 

(rf) When the hyper-oxygenized muriate is submitted to distilla- 
tion in a coated glass retort, it first fuses, and, on a farther increase 
of temperature, yields oxygen gas of great purity. A hundred 
grains of the salt afford 75 cubic inches of gas, containing only about 
three per cent, of nitrogen gas. 

(<•) The hyper-oxygenized mrrriate of potash has no power ©f 
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discharging vegetable colours ; but the addition of a little of the sul- 
phuric acid, by setting the oxygenized acid at liberty, developcs this 
property. 

(/) The salt is decomposed by the stronger acids, as the sul- 
phuric and nitric acids. This will bo proved by dropping a few- 
grains of the salt into a little concentrated sulphuric acid. A strong 
smell will arise, and, if the quantities be sufficiently large, an explo- 
sion will ensue. The experiment should, therefore, be attempted 
with great caution. When this mixture is made at the bottom of a 
deep vessel, the vessel is filled with oxygenized muriatic gas, which 
inflames sulphuric ether, alcohol, or oil of turpentine, when poured 
into it/; and also camphor, resin, tallow, elastic gum, Sec. (Davy.) 

Muriatic acid, as has already been stated, disengages the oxygen- 
ized acid, and the addition of a few grains of the salt to an ounce 
measure of the acid, imparts to it the property of discharging vege- 
table colours. 

(g) This salt exerts powerful effects on inflammable bodies. 

1. Rub two grains into powder in a mortar, and add one grain of 
sulphur. Mix them very accurately, by gentle triture, and then, hav- 
ing collected the mixture to one part of the mortar, press the pestle 
down upon it suddenly, and forcibly. A loud detonation will ensue. 
— Or, if the mixed ingredients be wrapped in some strong paper, and 
then struck with a hammer, a still louder report will be produced. 

2. Mix five grains of the salt with half the quantity of powdered 
charcoal in a similar manner. On triturating the mixture strongly, 
it will inflame, especially with the addition of a grain or two of sul- 
phur, but not with much noise. 

3. Mix a small quantity of sugar with half its weight of the salt, 
and on the mixture pour a little strong sulphuric acid. A sudden 
and vehement inflammation will be produced. This experiment, as 
well as the following, requires caution. 

4. To one grain of the powdered salt, in a mortar, add about half 
a grain of phosphorus. The phosphorus will detonate, on the gen- 
tlest triture, with a very loud report. The hand should be covered 
with a glove in making this experiment, and care should be taken 
that the phosphorus, in an inflamed state, does not fly into the eyes. — 
Phosphorus may also be inflamed under the surface of water by means 
of this salt. Put into a wine glass, one part of phosphorus with two 
of the salt ; fill it nearly with water, and pour in, by means of a glass 
tube, reaching to the bottom, three or four parts of sulphuric acid. 
The phosphorus takes fire and burns vividly under the water. This 
experiment requires caution, lest the inflamed phosphorus should be 
thrown into the eyes. (Davy.) Oil may also be thus inflamed on 
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the surface of water, the experiment being made with the omission 
of the phosphorus ; and the substitution of a little olive or linseed oil. 
5. Hyper-oxygenized muriate may be substituted for nitre in the 
preparation of gunpowder, but the mixture of the ingredients requires 
extreme circumspection. It may be proper also to state, that this salt 
should not be kept mixed with sulphur in considerable quantity, such 
mixtures having been known to detonate spontaneously. 

Art. 2. — Hyjier-oxygenized Muriate of Soda. 

Tfiis salt may be obtained, by following the process already de- 
scribed, with the substitution of pure soda for potash. It is exceed- 
ingly difficult, however, to obtain it pure ; because it nearly agrees, 
in solubility, with the common muriate of soda. It is soluble in three 
parts of cold water, and in rather less of hot, and is slightly deliques- 
cent. It is soluble also in alcohol ; but so also, according to Mr. 
Chenevix, is the common muriate. It crystallizes in cubes, or in 
rhomboids approaching the cube in form. In the mouth it produces 
a sensation of cold, and a taste scarcely to be discriminated from that 
of muriate of soda. In other properties it agrees with the similar 
Salt with base of potash. 

Art. 3. — Hyficr-oxygenizcd Muriate of Ammonia. 
■ 
This salt cannot be procured by the direct union of the oxygeni- 
zed acid with pure ammonia, because these two bodies mutually de- 
compose each other ; as will appear from the following experiments. 

1. Fill a pint receiver with the oxygenized acid, prepared by the 
third process : and pour into it half a drachm of the strongest solution 
of ammonia that can be procured. A detonation will presently en- 
sue. 

2. Fill a four-ounce bottle with the oxygenized acid, and invert 
it in a cup containing four ounce-measures of the solution of pure am- 
monia. Presently the liquor will be absorbed, and a detonation will 
ensue, which will throw down the bottle, unless firmly held by the 
hand. In the bottle there remains a portion of nitrogen gas. 

3. Pass the oxygenized acid through a solution of ammonia in a 
Woulfe's bottle, from one neck of which a tube proceeds, and termin- 
ates under the inverted funnel of the pneumatic trough. Bubbles of 
gas will be formed, and may be collected in an inverted receiver. 
They consist of pure nitrogen gas. 

In all these experiments, the redundant oxygen of the acid unites 
with the hydrogen of the ammonia, and forms water, while the nitro- 
gen of the ammonia is liberated in a gaseous state. A combination 
Vol. I. 40 
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of ammonia, with the hyper-oxygenized muriatic acid may be form- 
ed, by adding a solution of carbonate of ammonia to one of hyper-oxy- 
muriate of lime. A salt is obtained, on evaporation, which is very 
soluble in water and in alcohol, and which is decomposed at a moder- 
ate temperature, yielding a quantity of gas, and a smell of oxymuriatic 
acid. Its properties have not been much investigated. 

The property which ammonia possesses, of decomposing oxygen- 
ized muriatic acid, renders it extremely useful in correcting the offen- 
sive vapours of that gas, which are sometimes accidentally set at lib- 
erty in places where it is prepared. And when suffocation threatens 
to come on, in consequence of the fumes of the oxygenized acid, the 
most effectual remedy is to hold a stopper, moistened with ammonia, 
to the mouth and nostrils. 

Art. 4. — Rctnaini?ig Hyfier-oxygenized Muriates. 

To effect the combination of barytes and strontitesVith the hyper- 
oxygenized acid, those bases must be dissolved in hot water, which 
must be kept hot while the current of gas is transmitted through the 
solution. Lime may also be combined with the oxygenized acid, and 
must, to this end, be kept suspended by mechanical means. This 
compound derives importance from its application to the art of bleach- 
ing ; for it possesses, when perfectly saturated, bleaching properties ; 
and in this state produces whiteness in the unbleached part of goods, 
without destroying any delicate colours which they may contain. The 
salt, with base of lime, is extremely deliquescent ; liquefies at a low 
beat, and is soluble in alcohol. It produces much cold by solution, 
and a sharp taste in the mouth. 

For an account of the remaining salts formed with this acid, Mr. 
Chenevix's paper may be consulted. 

SECTION V. 

Xuro -muriatic Acid. 

This acid is a compound of the nitric and muriatic acids, and 
may be formed most commodiously by mixing two parts of nitric acid 
with one of muriatic. Though the acids employed are both perfect- 
ly pale, yet the mixture becomes of a deep red colour, a brisk effer- 
vescence takes place, and pungent vapours of oxy-muriatic acid are 
evolved. The production of the latter acid is occasioned by the com- 
bination of the muriatic with part of the oxygen of the nitric acid, in 
consequence of which the latter is converted either into nitrous gas 
Or nitrous acid. Hence the nitro-muriatic acid does not contain ni - 
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trie acid, but one of an inferior degree of oxygenation. Its most dis- 
tinguishing property, that of dissolving gold, will be described here- 
after. 

The nitro-muriatic acid does not form, with alkaline, or other bas- 
es, a distinct genus of salts, entitled to the name of nitro-muriates ; 
for, when combined with an alkali, or an earth, the solution yields, 
on evaporation, a mixture of a muriate and a nitrate ; and metallic bo- 
dies, dissolved in it, yield muriates only. In the latter case, the 
nitric acid is decomposed, oxydizes the metal, and renders it soluble 
in muriatic acid. 

SECTION VI. 

Murio-Sulfihuric Acid. 

Muriatic acid gas is absorbed in considerable quantity by sulphu- 
ric acid. The compound has a brown colour, and when exposed to 
the air emits copious white fumes. It has no particular uses. 



CHAPTER XV. 

PHOSPHORUS, PHOSPHORIC ACID,— PHOSPHOROUS AOID,— 

PHOSPHATES. 



SECTION I. 

Phosfihorua. 

I. Phosphorus is an inflammable substance, and is known by the 
following external characters. 

(c) It has. generally a flesh-red colour, but, when carefully puri- 
fied, may be obtained as free from colour, and as transparent, as melt- 
ed white wax. 

(A) It is so soft that it readily yields to the knife. 

(c) It melts with a very gentle heat. To show this, it must be 
covered with water, to prevent it from inflaming. 

(rf) In the atmosphere it emits a white smoke, and peculiar smell ; 
and a faint and beautiful light arises from it. 

II. Phosphorus is inflamed by the application of a very gentle 
heat. According to Dr. Higgins, a temperature of 60° is sufficient to 
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set it on fire, when perfectly dry. It burns with a very brilliant light, 
a white smoke, and a suffocating smell. 

1. It may be set on fire by friction. Rub a very small bit between 
two pieces of brown paper ; the phosphorus will inflame, and will set 
the paper on fire also. 

2. In oxygen gas it burns with a very beautiful light ; and also in 
nitrous oxide, and in oxygenized muriatic acid. 

III. Phosphorus is volatile at 550°. Hence it may be raised by 
distillation ; but, to prevent its taking fire on the application of heat, 
the retort should previously be filled with azotic or hydrogen gas, and 
the mouth of the retort be immersed in water. 

To accomplish this, the quantity of phosphorus, which it is intend- 
ed to rectify, should first be put into the retort, with a sufficient por- 
tion of water to cover it. The water must then be made hot enough 
to melt the phosphorus, which, on cooling, forms a compact mass, of 
the shape of the bottom of the retort. When cold, fill the retort, and 
its neck also, with water, and invert it in water. Displace the water 
by hydrogen gas, forced from a bladder through a bent pipe ; keep 
the finger on the open end of the retort neck ; place it in a sand 
bath ; and immerse the mouth of it in water. Then apply heat very 
cautiously. A bladder should also be provided, furnished with a stop- 
cock and brass pipe, and filled with hydrogen gas. During the dis- 
tillation, the gas, in the retort, is absorbed, and it is necessary to add 
more from the bladder, otherwise the water will rush into the retort, 
and occasion an explosion. By distillation, in this mode, phosphorus 
is rendered much purer. In the neck of the retort a substance is con- 
densed of a beautiful red or carmine colour, which is a combination 
of carbon and phosphorus, or a phosfihuret of carbon. 

The only information, which we possess, respecting the nature of 
phosphorus, is derived from the electro-chemical researches of Mr. 
Davy. When acted upon by a battery of 500 pairs of plates in the 
same manner as sulphur, gas was produced in considerable quanti- 
ties, and the phosphorus became of a deep red-brown colour. The 
gas proved to be phosphuretted hydrogen, and was equal in bulk to 
about four times the phosphorus employed. Hence hydrogen is 
proved to be one of its components. 

A grain of potassium and a grain of phosphorus, being fused out 
of the contact of air, combined with a most vivid light and intense ig- 
nition. During the process, one tenth of a cubic inch of phosphuret- 
ted hydrogen was evolved. The compound, when made to act on 
water, separated less hydrogen than the potassium itself would have 
given ; and the more the proportion of potassium to phosphorus was 
increased, the less was the hydrogen evolvpd This fact proves that 



SECT. I. PH03VH0RUS. 31? 

the potassium must have derived oxygen from the phosphorus, which 
base may be considered as another of its constituents. 

What is the nature of the substance, with which the hydrogen and 
oxygen, contained in phosphorus, are combined, we are still however 
ignorant. The base of phosphorus, therefore, remains a subject for 
future investigation. 

IV. Phosphorus may be oxygenized in various modes.* 

(a) By mere exposure to atmospheric air. Let a stick of phos- 
phorus be placed in a funnel, the pipe of which terminates in an emp- 
ty bottle. The phosphorus will be slowly oxygenized, and, after 
some time, will be wholly changed into an acid, which will fall into 
the bottle in a liquid state. 

A large quantity of acid may be obtained, if a number of sticks be 
thus exposed : and as they would be in danger of taking fire, if heap- 
ed together, each stick should be enclosed in a glass tube, of rather 
larger diameter than itself. These tubes must be disposed round a 
funnel, the pipe of which terminates in a bottle. The whole should 
be covered by a bell-shaped receiver, the air of which is to be fre- 
quently changed. The acid thus obtained is termed the Phosphorous 
Acid. 

•(b) By combustion in oxygen gas, or in atmospheric air. When 
burnt in this manner, every hundred parts of phosphorus, according 
to Lavoisier, gain an addition of 154. (See the account of this exper- 
iment in the 5th chapter of his Elements.) 

(c) By the nitric acid. If phosphorus be cautiously added, by a 
little at once, to nitric acid, heated in a ruattras, the nitric acid is de- 
composed, and its oxygen, uniting with the phosphorus, constitutes 
phosphoric acid. 

A tubulated retort must be used for this purpose ; and ils neck 
may terminate in the apparatus already described for procuring nitric 
acid. By this contrivance a considerable quantity of acid will be sav- 
ed. 

(d) A similar effect is produced by oxygenized muriatic acid in a 
liquid state. The operation of this acid, in a gaseous form, has al- 
ready been described, under the article oxy-muriatic acid ; and two 
products, it has been stated, are obtained by this operation, viz. a sol- 
id white sublimate, and a greenish yellow liquid. 

The solid sublimate Mr. Davy considers as a compound of muri- 
atic and phosphoric acids, both quite free from water ; and hence it 
might be termed murio-fihosfihoric acid. When brought into contact 
with water, muriatic acid gas was evolved from it, and phosphoric 

* On the oxides of phosphorus, see Nicholson's Journal, vi. 133. 
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and muriatic acids remained combined with the water. It was a non- 
conductor of electricity, and did not burn when heated ; but sublimed 
at about 2 1 2°, leaving no residuum. 

Accordingly as the phosphoric acid is differently prepared, its de- 
gree of oxygenation differs, and its properties are found to vary pro- 
portionably. 



SECTION II. 

P hosfihoric Acid. 

I. To prepare this acid, the process b, c, or d, sect. 1. may be em- 
ployed ; but the following is the most economical method. 

On 20 pounds of bone, calcined to whiteness and finely powdered, 
pour 20 quarts of boiling water, and add eight pounds of sulphuric 
acid, diluted with an equal weight of water. Let these materials be 
well stirred together, and be kept in mixture about 24 hours. Let 
the whole mass be next put into a conical bag of sufficiently porous and 
strong linen, in order to separate the clear liquor, and let it be wash- 
ed with water till the water ceases to have much acidity to the taste. 
Evaporate the strained liquor in earthen vessels, placed in a sand-heat, 
and, when reduced to about half its bulk, let it cool. A white sedi- 
ment will form in considerable quantity, which must be allowed to 
subside ; the clear solution must be decanted, and boiled to dryness 
in a glass vessel. A white mass will remain, which is the dry phos- 
phoric acid. This may be fused in a crucible, and poured out on a 
clean copper dish. A transparent glass is obtained, which is the 
phosphoric acid in a glacial state ; not, however, perfectly pure, but 
containing sulphate and phosphate of lime — According to Fourcroy 
and Vauquelin, it is, in fact, a super-phosphate of lime, containing, in 
100 parts, only 30 of uncombined phosphoric acid, and 70 of neutral 
phosphate of lime. The glacial acid, however, may be prepared 
from perfectly pure phosphoric acid. It is singular that, accord- 
ing to the experiments of Berthie'r, it contains at least one fourth 
its weight of water, a proportion which could scarcely have been ex- 
pected in so hard a substance. 

To procure the phosphoric acid perfectly pure, the oxygenation 
of phosphorus by nitric acid, is the most eligible process (c, of the 
preceding article.) The undecomposed nitric acid must be separa- 
ted by distillation in a glass retort, and the dry mass, when fused, af- 
fords also glacial phosphoric acid. 

II. The phosphoric acid has the following properties : 

(a) When pure it dissolves readily in water. That obtained im- 
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mediately from bones is rendered insoluble by the admixture of earthy 
salts. But the glacial acid, prepared with nitric acid, is readily solu- 
ble. 

(b) It is not volatile, nor capable of being decomposed by heat 
only, nor does it emit any smell when heated. 

(c) It is composed, according to the experiments of Rose, of 

46.72 phosphorus 
53.28 oxygen 
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(d) When distilled in an earthen retort with powdered charcoal, 
it is decomposed ; its oxygen, uniting with the carbon, forms carbon- 
ic acid, and the phosphorus rises in a separate state. This is the 
usual and best mode of obtaining phosphorus. 

The phosphoric acid may either be employed for this purpose in 
the state of glass, finely powdered, and mixed with its weight of pul- 
verized charcoal ; or to the evaporated acid of bones, when acquiring 
a thick consistence, powdered charcoal may be added, in sufficient 
quantity to give it solidity. In the latter mode, however, the materi- 
als are apt to swell, and to boil over. The mixture of acid and char- 
coal is then to be put into a stoneware retort, coated with Willis's lute, 
and the neck of which is lengthened out by a tin pipe. The open 
end of the pipe is to be immersed in a vessel of water. The heat is 
to be slowly raised, and at length made very intense. An enormous 
quantity of gas escapes, which takes fire on coming into contact with 
the atmosphere ; and the phosphorus distils over in drops, which con- 
geal in the water. As it is apt also to condense in, and to stop up, 
the neck of the retort and tin-pipe, it must be occasionally melted 
out of these, by a shovel full of hot cinders, held under them. The 
process is a rather difficult one ; and though it is proper that the stu- 
dent should repeat it once, in order to complete a course of experi- 
ments, it will be found more economical to purchase, from the Lon- 
don preparers, the phosphorus which may be required for experi- 
ments. 

Phosphorus may also be procured, by adding to urine a solution 
of lead in nitric acid, which precipitates a phosphate of lead. This 
when well washed, dried, and distilled in a stoneware retort, yields 
phosphorus (see Crell's Journal, Translation, iii. 36) ; or a solution of 
phosphate of soda (which may be bought at the druggists), mixed 
with one of acetite of lead, in the proportion of one part of the former 
salt to ll of the hitter, yields a precipitate of phosphate of lead, from 
which phosphorus may be procured by distillation. 
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SECTION III. 

Phosfihates. 

With alkaline and earthy bases, the phosphoric acid composes 
a'class of salts called Phosphates, which have the following generic 
characters. 

1. When heated with charcoal, they arc not decomposed, nor is 
jphosphorus obtained. 

2. They melt, before the blow-pipe, into a hard globule, some- 
times transparent, at others opake. 

3. They are soluble in nitric and muriatic acids, without effer- 
vescence, and arc precipitated from those acids by lime-water and 
pure ammonia. 

4. They arc decomposed, in part, by sulphuric acid, and yield a 
liquor which, en evaporation and distillation with charcoal, affords 
phosphorus. 

The phosphate of soda is the only one of these salts which has any 
important use. It has been introduced into medicine, by Dr. Pear- 
son, as a purgative, the purposes of which it answers, unaccompanied 
by any nauseous taste. The phosphate of lime, besides being found 
in the earth in a mineral form, constitutes a large part of the solid 
matter of animal bones. 

As an enumeration of these salts can scarcely be interesting to the 
general student, and as the properties of the various salts, already de- 
scribed, furnish abundant discriminating characters of the different 
alkalis and earths, I deem it sufficient to refer, for a detailed account 
.of them, to Dr. Thomson's Elements, or La Grange's Manual. 

SECTION IV. 

P/ios/t/iorous Acid — Phos/ihites. 

The phosphorous acid (procured by exposing sticks of phospho- 
rus to the slow action of air in the way already described, sect. 1) ex- 
hales a disagreeable foetid odour ; and yields, when heated, penetrat- 
ing white vapours. When heated in a glass ball, blown at the end of 
a small tube, a gas issues from the orifice of the tube, which inflames 
on coming into contact with the atmosphere. Hence it appears to 
contain an excess of phosphorus. The residuum in the ball is phos- 
phoric acid. From the experiments of Rose on the phosphoric acid, 
Gay Lussac infers that, conformably to his own hypothetical views, 
phosphorous acid must consist of 
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56.81 phosphorus 
43.19 oxygen 
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Phosphorous acid (it has already been stated under the article oxy- 
muriatic acid) combines with muriatic acid, and forms a liquor of a 
pale greenish yellow tint, and very limpid. When exposed to the 
air this liquid rapidly disapperas, emitting dense white fumes, the 
smell of which differs a little from that of muriatic acid. It may per- 
haps not improperly be denominated murio-fihosfihorous acid. 

This acid reddens litmus paper in its common state, but has no ef- 
fect on litmus paper dipped into it, instantly after being well dried, 
This fact is extremely curious, inasmuch as it suggests that the prop- 
erty of reddening litmus belongs to acids, only when combined with 
water. It is a non-conductor of electricity. When mingled with 
water, much heat is produced, and muriatic acid gas is evolved. 

The same compound may be obtained by distilling together oxy- 
muriate of mercury and phosphorus, or calomel and phosphorus, 
but in largest quantity from the first mentioned mixture. 

The combinations of phosphorous acid with alkaline and earthy- 
bases are called phosphites. \ 

The phosphites differ considerably in their characters from phos- 
phates. 

1. They exhale a smell of phosphorus. 

2. When heated, they emit a prosphorescent flame. 

S. Distilled in a strong heat, they yield a little phosphorus, and 
are converted into phosphates. 

4. They detonate, when heated with oxy-muriate of potash. 

5. They are changed into phosphates by nitric, and by oxygenized 
muriatic acid. 



SECTION V. 

Binary Comjiounds of Phosphorus. 

I. Phosphorus is susceptible of combination with sulphur, and 
affords a compound, the properties of which vary according to the 
proportion of its ingredients. It may be obtained by melting these 
substances together in a tube, the mouth of which is loosely stopped 
by paper ; or by fusing these two bodies, very cautiously, at the bot- 
tom of a Florence oil flask, nearly filled with water. The process is 
attended with some danger ; and requires several precautions, which 
Vol. I. 41 
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will be suggested by the essays of Accum and Briggs, published in 
the 6th and 7th volumes of Nicholson's Journal. The compound is 
much more fusible and combustible, than the separate components. 

II. Phosphorus combines with the pure fixed alkalis, and with 
earths, and composes the class of phosphurets. That of lime is the 
most readily formed, and exhibits, extremely well, the properties of 
these compounds. It is prepared as follows : 

Take a glass tube, about 1 2 inches long and one third of an inch 
diameter, sealed hermetically at one end. Let this tube be coated 
Avith clay, except within about half an inch of the sealed end. Put 
first into it a drachm or two of phosphorus, cut into small pieces, 
and then fill the tube with small bits of fresh burnt lime, of the size 
of split peas. Stop the mouth of the tube loosely with a little paper, 
in order to prevent the free access of air. — Next, heat to redness that 
part of the tube which is coated with clay, by means of a chafing-dish 
of red-hot charcoal ; and, when the lime may be supposed to be igni- 
ted, apply heat to the part containing the phosphorus, so as to sub- 
lime it, and to bring the vapour of it into contact with the heated lime. 
The lime and phosphorus will unite, and will afford a compound of a 
reddish-brown colour. 

If the carbonate of lime be substituted for pure lime, the carbonic 
acid is decomposed. Its carbon is set at liberty, and appears in the 
state of charcoal ; while oxygen unites with the phosphorus ; and 
the phosphoric acid, thus produced, forms phosphate of lime. In 
this experiment, carbonic acid is decomposed by the conspiring affin- 
ities of phosphorus for oxygen, and of lime for phosphoric acid r 
though the former affinity only would be inadequate to produce the 
effect. 

The phosphuret of lime has the remarkable property of decom- 
posing water at the common temperature of the atmosphere. Drop 
a small piece of it into a wine-glass of water, and in a short time bub- 
bles of phosphuretted hydrogen gas will be produced ; which, rising 
to the surface, will take fire, and explode. If the phosphuret of lime 
be not perfectly fresh, it may be proper to warm the water to which 
it is added. 

Into an ale-glass put one part of phosphuret of lime, in pieces 
about the size of a pea (not in powder), and add to it half a part of 
hyper-oxygenized muriate of potash. Fill the glass with water, and 
put into it a funnel, with a long pipe, or narrow glass tube, reaching 
to the bottom. Through this pour three or four parts of strong sul- 
phuric acid, which will decompose the hyper-oxygenized salt ; and 
(he phosphuret also decomposing the water at the same time, flashes 



CHAP. XV. PHOSPHURETTED HYDROGEN. 323 

of fire dart from the surface of the fluid, and the bottom of the vessel 
is illuminated by a beautiful green light. (Davy.) 

Another combination of phosphorus, the properties of which ren- 
der it a fit subject of amusing experiments, is the phosphuretted hy- 
drogen gas. 

Art. 3. — Phosfihuretted Hydrogen Gas. 

I. This gas may be procured, by boiling, in a retort, a little phos- 
phorus with a solution of pure potash. The water is decomposed ; 
its oxygen, uniting with the phosphorus, forms phosphoric acid, which 
combines with the alkali, while the hydrogen dissolves another por- 
tion of phosphorus, constituting phosphuretted hydrogen gas. — This 
gas may also be obtained, by putting into five parts of water half a 
part of phosphorus, cut into very small pieces, with one of finely gran- 
ulated zinc, and adding three parts of strong sulphuric acid. This 
affords a pretty experiment. The gas is disengaged in small bub- 
bles, which cover the whole surface of the fluid, and take fire on 
reaching the air ; these are succeeded by others, and a well of fire is 
produced. (Davy.) 

In preparing this gas, the body of the retort should be filled, as 
nearly as possible, with the alkaline solution;* otherwise the gas, when 
produced, will inflame and diminish the air within the retort, and the 
water will ascend from the trough. This accident may be effectual- 
ly prevented,by previously filling the retort with hydrogen gas. 

II. The properties of this gas are the following : 

(a) It takes fire immediately on coming into contact with the air. 
This may be shown by letting it escape into the air, as it issues from 
the retort, when a very beautiful appearance will ensue. A circular 
dense white smoke rises in the form of a horizontal ring, which en- 
larges its diameter as it ascends, and forms a kind of corona. 

(d) When mixed suddenly with oxygen gas it detonates. 

This experiment should be made cautiously, and in small quan- 
tity. 

(c) The same phenomenon ensues on mixing it with oxygenized 
muriatic acid gas, or with nitrous oxide. 

When mingled with any of these gases, it should be passed up by 
not more than a bubble or two at once. 

(d) Sulphurous acid and phosphuretted hydrogen gases, when 
mingled together, mutually decompose each other. 

* The phosphorus should first be melted, under water, in the retort ; which 
is to be emptied when the phosphorus has congealed, and then entirely filled 
by' the alkaline solution. Of this, a sufficient portion is to be displaced by hj 
drogen gas, forced through a bent pipe from a bladder. 
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(e) It deposits phosphorus, by standing, on the inner surface of 
the receiver, and loses its property of spontaneous ascension. 

Three grains of potassium were heated by Mr. Davy in sixteen 
cubic inches of phosphuretted hydrogen gas. As soon as it was fus- 
ed, the retort was filled with white fumes, and a reddish substance 
precipitated upon the sides and upper part of it. Though the heat 
was contii ued for some minutes, yet no inflammation took place. 
When the retort was copl, the absorption was found to be less than a 
cubical inch. The potassium externally was deep brown, and inter- 
nally of a dull lead colour. The potassium afterwards evolved less 
hydrogen from water than it would have detached before ; and hence 
it must have been partially oxidated. Now the only source of oxy- 
gen, in this experiments, is the phosphorus, which the gas holds in so- 
lution ; and we derive, therefore, from the fact, an additional proof of 
the presence of oxygen in phosphorus. 

Phosphorus is also soluble in oils ; and, when thus dissolved, 
forms what has been called liquid phosphorus, which may be rubbed 
on the face and hands without injury. It dissolves too in ether, and a 
very beautiful experiment consists in pouring this phosphoric ether in 
small portions, and in a dark place, on the surface of hot water. 

The phosphoric matches consist of phosphorus extremely dry, 
minutely divided, and perhaps a little oxygenized. — The simplest 
mode of making them is to put a little phosphorus, dried by blotting 
paper, into a small phial ; heat the phial, and when the phosphorus is 
melted; turn it round, so that the phosphorus may adhere to the sides. 
Cork the phial closely ; and it is prepared. On putting a common 
sulphur-match into the bottle, and stirring it about, the phosphorus 
will adhere to the match, and will take fire when brought out into the 
air. • 

A correspondent in Nicholson's Journal (xi. 137) proposes to ef- 
fect the oxydation of phosphorus, by exposing 100 grains to half a 
pint of oxy-muriatic acid gas. The vessel must afterwards be well 
corked up. O n applying a sulphur-match to the oxygenized phos- 
phorus, it is inflamed, as in the foregoing example. 



CHAPTER XVI. 

BORAOIO AOID. 



I. This acid is very rarely found native ; and, for purposes of ex- 
periment, is obtained from the purified borax of commerce, by one of 
he following processes : 
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1. To a solution of borax, in boiling water, add half its weight of 
sulphuric acid, previously diluted with an equal quantity of water. 
Evaporate the solution a little ; and, on cooling, shining scaly crys- 
tals will appear, which consist of boracic acid. Let them be well 
washed with distilled water and dried on filtering paper. 

2. Let any quantity of borax be put into a retort, with half its 
weight of sulphuric acid, and half its weight of water. Boracic acid 
may be obtained by distillation, and may be purified, by washing in 
water, &c, as before. By neither of these processes, however, is it 
obtained perfectly pure ; for electrical analysis discovers in it a mi- 
nute portion both of alkali and of sulphuric acid. (Davy.) 

II. Boracic acid has the following qualities : 

1. It has a solid form, is destitute of smell, and nearly so of taste. 

2. It fuses, when heated, and loses its water of crystallization. If 
the heat be increased suddenly, befo're it has lost its water of crystal- 
lization, it sublimes ; but, otherwise, it melts into a glass, which is 
permanent in the strongest fire. 

3. It is soluble in twelve parts of cold water, and in three or four 
of boiling water. 

4. This solution reddens vegetable blue colours, and effervesces 
with alkaline carbonates. 

5. It is soluble in alcohol, and the solution burns with a beautiful 
green flame. 

The boracic acid, which had resisted all other means of analysis, 
nas at length yielded to the attempts of Mr. Davy to decompose it by 
the action of Voltaic electricity. When moistened with water, and ex- 
posed, between two surfaces of platina, to a battery of 500 pairs of 
plates, an olive-brown matter immediately began to form on the neg- 
ative surface, which gradually increased in thickness, and at length 
became almost black. It was not changed by water, but dissolved 
with effervescence in warm nitrous acid. When heated to redness 
on platina, it burned slowly, and gave off white fumes, which had acid 
properties. A black mass remained which, when examined by the 
magnifier, appeared vitreous at the surface, and evidently contained 
a fixed acid. 

Boracium. 

As this peculiar combustible substance was a non-conductor oi 
electricity, it wa» found impossible to obtain it in this way, except in 
very thin films. By the action of potassium, however, it was procur- 
ed in larger quantities. Twelve or fourteen grains of boracic acid 
were heated, in a green glass tube, with the same quantity of potassium. 
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A most intense ignition ensued ; and the potassium, where it was in 
contact with the boracic acid, entered into vivid inflammation. A 
quantity of hydrogen gas appeared, equal to about twice the bulk of 
the acid. To collect the results, tubes of metal were employed ; for 
the most part of brass, which appears to answer best. The residue 
m the tube was dissolved in water, and the insoluble part collected on 
a filter. Its properties are described as follows : 

1. It is in the form of a powder, in colour of the darkest shades of 
olive. It is very friable, and not sufficiently hard to scratch glass. 
It is a non-conductor of electricity. ; 

2. When it has been dried at only 100° or 120°, it gives off moist- 
ure by increase of temperature. In the atmosphere it takes fire, at a 
heat below that of boiling olive oil ; and burns with a red light, and 
scintillations like charcoal. 

3. It is not decomposed by heat in a platina tube, though raised 
to whiteness. The only change in it appears to be an increase of spe- 
cific gravity. 

4. In oxygen gas it burns with a most brilliant light, and is partly 
converted into boracic acid, and partly into a black substance, which 
requires a higher temperature for its inflammation, and produces a 
fresh quantity of boracic acid. 

5. In oxymuriatic acid gas, it takes fire at common temperatures, 
and boracic acid is regenerated with a portion of the black matter al- 
ready described. 

6. It was not soluble either in nitrogen or hydrogen gases. 

7. It decomposed the nitric and sulphuric acids, and boracic acid 
was produced. 

8. It combined with alkalis, and .gave pale olive coloured com- 
pounds, from which dark precipitates were separated by muriatic 
acid. 

9. It slowly combined with melted sulphur, which acquired an 
olive tint ; but with phosphorus scarcely any union seemed to take 
place. Neither did it combine with mercury. 

These qualities are sufficient to show that the combustible sub- 
stance, obtained from boracic acid, and constituting its base, is differ- 
ent from every other known species of matter. Mr. Davy has, there- 
fore, proposed for it the term boraoium. As to its nature, he is of 
opinion that it is probably a compound, and that one of its ingredients, 
which enters into alloy with potassium and with iron, is the true basis 
of the boracic acid. The olive coloured substance, whose properties 
have been already described, he believes to consist of this basis, unit* 
ed wiih a little oxygen ; that when farther oxydized it forms the 
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black matter; and that, in its full state of oxygenation, it constitutes 
boracic acid. 

The proportion of ingredients in the boracic acid has not been ac- 
curately determined. It is stated, merely as an approximation, that 
it consists of one part by weight of inflammable base united with two 
parts of oxygen. In the black substance, Mr. Davy supposes that 
about three parts of the inflammable base are combined with only one 
of oxygen. 

Boracic acid combines with alkalis and earths ; but the only im- 
portant combination, which it forms, is with soda. This compound 
is found native in India, and is brought to this country, under the name 
of tincal, or brute borax, which, when purified, affords the borax of 
the shops. In the borate of soda, the alkaline ingredient is in excess, 
and hence the salt converts vegetable blue colours to green. It is 
therefore, in strictness, a sub-borate. 

Sub-borate of soda crystallizes in prisms with six irregular sides. 
It effloresces in the air. It fuses when ignited ; loses its water of 
crystallization ; and leaves a glass, which is transparent when cold, 
and which is of great use in experiments with the blow-pipe. The 
salt dissolves in twelve parts of cold water, or in six of boiling water. 
It is susceptible of combination, by fusion, with silex and with alu- 
jnine ; and hence is employed in making artificial gems. 

For a description of the remaining borates, I refer to the 2d vol- 
ume of Thomson's System of Chemistry, or the 1 st volume of La 
Grange's Manual. 



CHAPTER XVII. 

fluoric acid. (See note 31 at the end of this vol.) 

I. The fluoric acid may be obtained from a substance found abun- 
dantly in Derbyshire, under the name of Jiuor spar. In converting 
this spar to ornamental purposes, small pieces are broken off, which 
may be had at a cheap rate. 

The fluoric acid may be separated from this combination, in the 
form of gas, by adding, to the powdered spar, in a block tin or lead- 
en gas bottle, half its weight of concentrated sulphuric acid. The 
gas, which is disengaged, may be conducted, by a bent glass tube, to 
the mercurial trough. The receivers employed should be previous- 
ly coated with wax, by making them hot enough to melt that sub- 
stance, and then allowing the wax to run in fusion over their whole 
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inner surface. This gas, in its properties, bears a considerable resem- 
blance to muriatic acid gas. It is somewhat of a similar smell ; pro- 
duces a white smoke in the atmosphere ; and is rapidly absorbed by 
water and by ice. It has the remarkable property of corroding glass N 
This may be observed by passing up, into a jar filled with it, a small 
slip of glass, which will be considerably acted on : or by holding a 
piece of glass over a mixture of concentrated sulphuric acid, and 
powdered fluate of lime. If partially applied, by covering the glass 
with a cement of wax and resin, and removing the cement in part on- 
ly, the gas may be employed for writing or engraving on glass ; and 
its application to this purpose has been proposed as an important im- 
provement in the art of engraving, by Professor Wilson of Glasgow. 
(Nicholson's Journal, 4to. ii 60.) 

On the presumption that the fluoric acid might agree with other 
acids in containing oxygen, Mr. Davy was induced to submit it to the 
de-oxydizing power of potassium. 

When potassium was exposed to fluoric acid gas, which had been 
prepared in glass vessels, white fumes were immediately perceived. 
The metal lost its splendour, and became covered with a greyish 
crust. On heating the bottom of the retort, the fumes increased ; and 
continued for some time to be emitted, but at last ceased altogether. 
When water was admitted, the whole of the gas did not disappear, 
but a small residue was left which consisted of hydrogen. 

On making the experiment in a similar manner, but with a tem- 
perature nearly equal to the sublimation of the metal, the potassium 
inflamed and burned with a brilliant red light. After the combustion, 
the whole of the fluoric acid was found to be destroyed, and no gas 
left but a residuum of hydrogen. Ten grains and a half of potassium 
destroyed 14 cubic inches of fluoric acid gas, not artificially dried; 
and left about two and a quarter of hydrogen. But from fluoric acid, 
long exposed to calcined sulphate of soda, hardly one tenth its bulk 
of hydrogen could be thus developed. 

The bottom of the retort, in these cases, was covered with a crust 
of various colours, in some parts chocolate, in others yellow. When 
a portion of it was thrown into water, it effervesced violently, and 
inflammable gas was evolved, in smell resembling phosphuretted hy- 
drogen. 

A portion of the dry mass, being heated in contact with air, burn- 
ed slowly, lost its colour, and became a white saline mass. In oxy- 
gen gas, it burned with an absorption of oxygen, but not with any 
great intensity. 

By the action of this substance on water, fluoric acid and potash 
were generated; and some chocolate coloured particles were separa- 
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ted by the filter, which, when dried, and heated in oxygen gas, burn- 
ed and absorbed oxygen. By this combustion, fluoric acid was also 
generated. 

That the fluoric acid, then, is decomposed by the action of potassi- 
um, and that its base exists in the solid matter which results, is 
scarcely questionable ; but whether in a state of purity, or if combined, 
in what state, remains to be decided by farther experiments. \ | the 
regeneration of the acid, also, by the combustion of this matter in 
oxygen gas, it is hardly possible to entertain a doubt. Asa portion 
of silex appeared, always, in the fiuate of potash thus produced, Mr. 
Davy is disposed to consider the substance in question as consisting 
of the siliceous and fluoric bases in a low state of oxygenation united 
with some potash. 

The fluoric acid may be obtained in a liquid state, by using a lea- 
den retort and leaden receiver. An ingenious apparatus, invented 
fortius purpose by Mr. Knight, is described and figured in the 17th 
volume of The Philosophical Magazine. 

The liquid acid must be preserved in leaden bottles, as it soon 
corrodes and penetrates glass ones. In this state of watery solution, 
it readily combines with alkalis, and forms soluble compounds. Its 
combinations with the earths are for the most part highly insoluble. 
The fluates have no properties that can render them interesting to 
the student, except the use of the alkaline ones as tests, which will 
be described in a subsequent part of the work. 

To the liquid solution of fluoric acid, Gay Lussac and Thcnard have 
given the name of silici-fluoric acid. It emits, they observe, dense 
vapours ; becomes hot and even boils when suddenly mixed with wa- 
ter ; acts strongly on glass ; and has a most powerful effect on the 
skin, on which it speedily raises small pustules. 

A piece of potassium thrown, into it detonates violently. The 
products are hydrogen, water, and fluate of potash ; consequently it is 
a compound of water, and fluoric acid. Potash, poured into the liquid 
acid, gives a salt which is almost insoluble ; muriate of barytes af- 
fords fluate of silex and fluate of barytes, both of which are insoluble. 

Fluoboric *'hid. 

With the view of obtaining fluoric acid gas perfectly free from wa- 
ter, both Mr. Davy and Gay Lussac appear to have had recourse to 
me expedient, viz. that of distilling perfectly dry boracic acid 
with fluate of lime. When these substances were exposed to a strong 
heat in an iron tube, in the proportion of one part of the former to two 
Vol. 1. 42 
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of powdered fluor spar, a gas was collected in great quantity, which 
exhibited singular properties, and to which Messrs. Gay Lussac and 
Thenardhave given the name ofgasjluoborique, or fluoboric acid gas. 

This gas, according to the latter chemists, appears to contain no 
water, and to have so strong an affinity for it as to take it from other 
gases which hold water in combination. Hence, when mixed with 
most of those gases, on which it does not exert a chemical action, 
such as atmospheric air, it loses its transparency and becomes cloudy. 

With ammoniacal gas it unites in two proportions. If the alkaline 
gas be put first into the tube, equal measures combine together, and 
the compound is neutral. But if we admit fluoboric gas by bubbles to 
the alkaline gas, we obtain a compound, with an excess of base, and 
consisting of one measure of fluoboric gas to two of ammonia. 

Fluoboric gas is absorbed copiously by water. The saturated so- 
lution has the causticity and aspect of strong sulphuric acid ; requires 
for ebullition a temperature considerably exceeding 2 1 2° Fahrenheit ; 
and is condensed again in striae which contain much gas. From 
analogy, Gay Lussac supposes that nitric and even sulphuric acids are, 
in their pure states, equally elastic with this. 

The liquid acts almost as intensely as sulphuric acid on vegetable 
substances. It blackens paper, and affords a true ether with alcohol. 
It has no effect in corroding glass. 

From analysis, Gay Lussac and Thenard, as well as Mr. Davy, 
have determined it to be a compound of boracic and fluoric acids, in 
proportions not yet ascertained. 
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DESCRIPTION OF THE PLATES, 

PLATE I. 

Fig. 1. (a) A plain retort, the neck of which is shown introduced a proper 
length into the mouth of a plain receiver b. The dotted lines at c show the 
receiver with the addition of a tubulure, into which either a stopper, or bent 
glass tube, may be occasionally fixed. 

Fig. 2. A glass alembic ; a the body, and b the head, which are ground so 
as to fit accurately, and may be separated when necessary. The head b is so 
shaped, that any liquid, which may be condensed, collects into a channel, and 
is carried by the pipe c into the receiver. 

Fig. 3. A separator, for separating liquids of different specific gravities. 
It is furnished with a ground stopper at a, and a glass stop-cock at b. The 
vessel is filled with the liquids that are to be separated (oil and water for ex- 
ample), which are allowed to stand till the lighter has completely risen to the 
top. The stopper a is then removed, and the cock b opened, through which 
the heavier liquid descends ; the cock being shut, as soon as the lighter one 
is about to flow out. 

Fig. 4. A glass vessel, termed a mattrass, useful for effecting the solution 
of bodies, which require heat before they can be dissolved, or long continued 
digestion, see vol. i. p. 35. The upper extremity of the long neck generally 
remains cool, and allows the vessel and its contents to be shaken occasionally. 
Fig. 5. A glass bottle with a very thin bottom, and a projecting ring round 
the neck for suspending it over a lamp. These are useful for effecting solu- 
tions on a small scale. 

Fig. 6. An apparatus, contrived by Mr. Pepys, for ascertaining the quanti- 
ty of carbonic acid discharged from any substance by the addition of an acid. It 
consists of a bottle closed by a ground stopper. This stopper is perforated, 
and forms the lower part of a tube, which is twisted into the shape of a still- 
Worm. In this worm, any water that escapes along with the gas, is conden- 
sed, and falls down again into the bottle. The experiment is made precisely 
as described, vol. i. p. 223 : and the loss of weight is determined at the close 
of the effervescence. 

Fig. 7. Mr. Leslie's differential thermometer described, vol. i. p. 83. 
Fig. 8. (a) An air thermometer, for ascertaining the temperature of liquids. 
It consists of a bottle, partly filled with any coloured liquid, and partly with 
au-, a glass tube of small bore, open at both ends, being either cemented or 
hermetically sealed into the bottle, so that its lower extremity may nearly 
touch the bottom of the bottle- The expansion of the included air, on the 
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application of heat, drives the coloufedTiquid up the tube, and to an extent 
which may be measured by the application of a scale. The; fig'. It is anothc r 
variety of the -nine instrument, described vol. i. p. 82. 

Fig. 9. Tiic original air thermometer of Sdmctorio ; sec vol. i. p. 82. 

Fig. 10. A bent funnel for introducing liquids Into retorts, without soiling 1 
their necks. 

Pfi 11. An adopter. The wider end admits the neck of a retort; and 
the narrower is passed into the mouth of a receiver. 

Fig. 12. A section of an evaporating dish of Wedgwood's ware. 

Fig. 13. (a) .1 tubulated retort luted to {'>) a quilled receiver, the pipe of 
which enters the neck of a bottle {c) supported by a block of wood. 

Fig. 14. Different forms of jars for precipitations, with lips for conven- 
iently decanting- the fluid from the precipitate. 

Pig. 15. A tube, blown in the middle into a ball, for dropping liquids. 
The ball is filled by the action of the mouth applied to the upper orifice, while 
the lower one is immersed in the liquid. To the former the finger is then ap- 
plied ; and, on cautiously removing- it, the liquid is expelled in drops. 

Fig. 16. A bottle for ascertaining the specific gravity of liquids. When filled 
up to a mark in the neck, with distilled water of a given temperature, it should 
hold 1000, 2000, or any even number of grains. The quantity, which it is 
found to contain, of any other liquid of the same temperature, shows the spe- 
cific gravity of the latter. For example, if it hold 1000 grains of water, and 
1850 of sulphuric acid, the specific gravity of the latter is to that of water as 
1850 to 1000. 

PLATE II. 

Fig. 17. An apparatus for procuring gases, without the possibility of their 
escaping into the room during the process, a circumstance which is of consid- 
erable importance, when the gas has an unpleasant smell or deleterious prop- 
erties. Suppose that sulphuretted hydrogen gas is to be obtained from sul- 
phuret of iron and diluted sulphuric acid. The sulphuret of iron, in coarse 
powder, is put into the body of the gas bottle c, with a proper quantity of wa. 
ter. The acid holder, a is filled with the diluted acid, the cock b being shut, 
and is then fixed into the tubulure of the gas bottle, to which it is accurate- 
ly adapted by grinding. The bent tube d being made to terminate under a re- 
ceiver filled with, and inverted in water, the perforated cock b is gradually 
opened, in consequence of which the acid descends into the gas bottle ; and 
acts on the sulphuret of iron. If it be found necessary to renew the acid, with- 
out disturbing the apparatus, this may be done as follows. The cock b being 
shut the stopper, which closes the acid holder, may be removed, and fresh 
acid be poured in, through the aperture. This may be repeated as often as is 
found necessary. The acid holder may be advantageously adapted, also, to a 
retort for certain distillations, such as that of muriatic acid. 

Fig 18. A plain gas bottle with sigmoid tube, the end, wlwch is received 
into the bottle, having a ground stopper accurately fitted to the neck. For 
ordinary purposes (such as obtaining hydrogen gas from diluted sulphuric acid 
and iron filings) this apparatus answers perfectly well, and is much less cost- 
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ly. It is frequently made with a tubulure and glass stopper, and is then call- 
ed a tubulated gas bottle. 

Fig. 19. A gas funnel, useful in transferring any gas, from a wide -mouth- 
ed vessel into a jar of narrower diameter, or into a bottle. When employed 
for tliis purpose, it is held inverted, as shown by the figure, the pipe being ad- 
mitted into the aperture of the bottle or jar, which is filled with and inverted 
in water, and the gas being made to pass into it in bubbles. 

Fm. 20. Dr. Hope's Eudiometer. The manner of using it has already 
been described, vol. i. p. 134. 

IV;. 21. A modification of Dr. Hope's Eudiometer described, vol. i. p. 134. 

Pio. 22. A gas receiver, into the neck of which is cemented a brass cap, 
with a female screw for receiving a stop-cock. The vessel b is a glass flask, 
which maj be made to communicate with the interior of the jar a, by opening 
the cock. When the apparatus is used, it is necessary to employ two stop, 
cocks, and not one only, as represented by the figure. Supposing that the 
weight of any gas is to be ascertained, the flask b is exhausted, by screwing it 
on the transfer of an air pump; and, if great accuracy be required, it is prop- 
er to enclose a g«ge in the vessel. Let the flask be weighed when exhausted ; 
then screw it upon the top of the receiver, containing the gas which is to be 
weighed; and open the communication, observing, by using a graduated jar, 
how much gas has been admitted. Suppose this to be 50 cubic inches. By 
weighing the flask again when full, we determine the weight of 50 cubic inches - 
of the gas under examination. The experiment should be made when the tem- 
re of the room is 60°, and when the barometer stands at 29.8. 

Fir,. 23. A plain jar for receiving gases, with a ground stopper. 

Fro. 24. An Eudiometer for trying the purity of a mixture of gases, con- 
taining oxygen gas, by means of nitrous gas. The process has already been de- 
scribed, vol. i. p. 275. The instrument should be accompanied with a phial, 
holding, when completely full, precisely a cubic inch. 

Fio. 25. A wire stand, with a leaden foot, for the purpose of raising, above 
the surface of water within a jar, any substance which is to be exposed to the 
action of gas. 

Pie. 2§. An apparatus for showing that caloric exists in gases in a latent 
form. The application of it has been already described, vol. i. p. 122. 

Pio. 27. An apparatus for drying precipitates by steam, described, vol. i. 
p. 35. 

Figs. 28 and 29. Tubes for exploding mixtures of hydrogen and other in- 
flammable gases with oxygen gas, commonly termed the Eudiometer of Volta ; 
see vol. i. p. 137. 

PLATE III. 

Kig. 30. The common form of a Woulfe's apparatus. In this figure the re- 
tort a is represented plain, but it is better to employ a tubulated one. The 
i his apparatus has already been described, vol. i. p. 32. 

I- in. 31. A modification of the apparatus, which has also been already de- 
scribed. In this figure, the mercurial trough is shown with a jar standing in- 
verted in it, for the purpose of receiving any gas that may escape condensation 
hy water. 
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Pro. 32. Mr. Pepys' improvement of Woulfe's apparatus described, vol. i. 
p. 32. 



PLATE IV. 

Pies. 33 and 34. Cuthbertson's apparatus, for exhibiting the composition 
•f water, with the substitution of gazometers for the receivers originally em- 
ployed by him. The apparatus has been described, vol. i. p. 144. Fio. 33 is 
an enlarged view of the conical brass piece, which is cemented into the bottom 
of the receiver, and through which the gases are conveyed. 

Pig. 35. A gazometer of the most simple and common construction : see 
vol. i. p. 116. 

Fig. 56. A gas holder, described, vol. i. p. 117. 

Fig. 37. A galvanic trough ; see vol. i. p. 155. The tube b shows the ar- 
rangement for decomposing water. The upper wire may be hermetically seal- 
ed into the tube, and the lower one passed through a cork, which should have 
a small slit cut in it, to allow the water to escape in drops as the gas is pro- 
duced. 

Fig 38. The manner in which a candle may be burned in oxygen gas ; see 
vol. i. p. 125. 

Fio. 39. The combustion of iron wire in oxygen gas. 

Fig. 40. Apparatus for decomposing water over red-hot iron or charcoal ; 
see vol. i. p. 146. 

Fig. 41. An apparatus for showing the diminution effected in the volume 
of hydrogen and oxygen gases by their slow combustion ; see vol. i. p. 139. 

Fig. 42. A very simple and cheap contrivance for freezing quicksilver by 
muTiate of lime and snow. The outer vessel of wood may be twelve and a 
half inches square, and seven inches deep. It shoidd have a wooden cover, 
rabbeted in, and furnished with a handle. Within this is placed a tin vessel b b t 
standing on feet which are one and a half inch high, and having a projection 
at the top, half an inch broad, and an inch deep, on which rests a shallow tin- 
pan c c Within the second vessel is a third d, made of untinned iron, and sup- 
ported by feet two inches high. This vessel is four inches square, and is in- 
tended to contain the mercury. When the apparatus is used, a mixture of mu- 
riate of lime and snow is put into the outer vessel a a, so as completely to sur- 
round the middle vessel b b. Into the latter, the vessel d, containing the 
quicksilver to be frozen, previously cooled down by a freezing mixture, is put ; 
and this is immediately surrounded by a mixture of snow and muriate of lime, 
previously cooled to 0° Fahrenheit, by an artificial mixture of snow and com- 
mon salt. The pan c c is also filled with these materials, and the wooden cov- 
er is then put into its place. The vessels are now left till the quicksilver 
is frozen. A more elegant, but more expensive, apparatus, by Mr. Pepys, in- 
tended for the same purpose, is figured in an early volume of the Philosophic- 
al Magazine. 

Fig. 43. A wire stand, consisting of an interior circle, and three straight 
pieces of wire proceeding from it in the same plane. Its use is noticed, vol. i. 

p. 127- 

Fig. 44. Mr. Davy's apparatus for the analysis of soils described in his pa- 
per, which is copied into the third part of this work. 
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PLATE V. 



Fro. 45. Pictet's arrangement of an apparatus for showing the radiation 
of caloric, unaccompanied by light ; see vol. i. p. 90. 

Fie. 46. An oval copper boiler, for exhibiting the most important facts 
jespecting latent caloric. The size of its different parts (except the width, 
which is 4 inches) may be learned from the scale affixed to the plate, which is 
abundantly sufficient to enable any intelligent workman to construct the ap- 
paratus. The collar joint and stuffing box, however, it is indispensably neces- 
sary to describe especially as the formcrfarticle of apparatus is generally con- 
structed on a bad plan. 

Fig. 47 is a section upon a larger scale, of the collar joint at b (fig. 46), 
made for the convenience of screwing together long or crooked metal tubes, 
without turning them round, a is a section of the end of one of the tubes, and 
b that of the other which is to be attached to it ; c is a collar which turns 
loose upon the shoulder of a, and screws upon b. By screwing this collar up- 
on b, the end e e of the tube a is brought to press upon the part (/ d of the tube 
4, without turning round either of those tubes. If upon d be laid a ring of linen 
cloth soaked in boiled linseed-oil, the joint, when screwed up (if tolerably well 
made), will be impervious to steam as well as to water or air. The projection 
at d is for preserving the ring of , 'cloth from being displaced, and for guiding 
the ends of both tubes, so as to meet properly. 

Fig 48 is a section of a socket, for fixing the stem of a thermometer into a 
boiler or a digester, where there is much heat and pressure ; b is a socket fixed 
©n the outside of the boiler or digester, having a hole through it large enough 
to admit the bulb of the thermometer ; a is a plug which screws into b, having 
a hole through its centre large enough to admit only the stem of the thermom- 
eter ; c c is a loose round plate, concave on the upper side, having a hole 
through its centre, just sufficient also to admit the stem of the thermometer. 
When the instrument is to be inserted, the plug «, and the plate c, must both 
be taken out of the socket. The bulb is then passed through it. The plate < 
is next slipped over the stem, and dropped into its place. Some flax, soaked 
in linseed-oil, must next be wrapped round the stem, so as nearly to fill the 
socket. The plug a must then be screwed in, till the flax be compressed so 
as to make the whole sufficiently tight. The opposite surfaces of the plate c, 
and the plug a, are made concave, for the purpose of compressing the fla* 
round the stem of the thermometer. 

PLATE VI. 

Figs. 49, 50, 51. Sections of crucibles. 

Fig. 52. A muffle ; see vol. i. p. 30. 

Fig. 53. Stands for raising the crucible above the bars of the grate j a van 
adapted to Mr. Aikin's blast furnace ; b one of the common form. 

Fig. 54. A skittle-shaped crucible. 

Fig. 55. Mr. Aikin's portable blast furnace. It is composed of three parts, 
all made out of the common thin black-lead melting pots, sold in London for 
the use of the goldsmiths. The lower piece c is the bottom of one of these 
pots, c«t off so low as only to leave a cavity of about cm inch, atid ground 
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smooth above and below. The outside diameter over the top is five and ;i half 
inches. The middle piece, or fire-place a, is a larger portion of* a similar pot, 
With a cavity ahout -six inches deep, and measuring seven and a half inches 
over the top, outside diameter, and perforated with six blast holes at the bottom. 
These two pots are all that are essentially necessary to the furnace for most 
operations ; but when it is wished to heap up fuel above the top of a crucible 
contained within, and especially to protect the eyes from the intolerable glare 
of the fire when in full heat, an upper pot b is added, of the same dimensions 
as the middle one, and with a large opening in the side, cut to allow the exit 
of the smoke and Same. It has also an iron stem, with a wooden handle (an 
old chisel answers the purpose very well) for removing- it occasionally. 

The bellows, which are double (</), are firmly fixed, by a little contrivance 
which will take off and on, to a heavy stool, as represented in the plate ; and 
their handle should be lengthened, so as to make them work easier to the 
hand. To increase, their force on particular occasions, a plate of lead may be 
firmly tied on the wood of the tipper Ha]). The nozzle is received into a hole 
in the pot c, which conducts the blast into its cavity. From hence the air 
passes into the fire place a, through six holes of the size of a large gimblet, 
drilled at equal distances through the bottom of the pot ; and all converging 
in an inward direction, so that if prolonged, they would meet about the centre 
of the upper part of the fire. Fig. 56 shows the distribution of these holes in 
the bottom. The large central hole is intended to receive the stand a, fig. 55, 
which serves for supporting the crucible. 

No luting is necessary in using this furnace, so that it may be set up and 
taken down immediately. Cork, or common cinders, taken from the fire when 
the coal just ceases to blaze, sifted from the dust, and broken into very small 
pieces, forms the best fuel for higher heats. The fire may be kindled at first 
by a few lighted cinders, and a small.quantity of wood-charcoal. 

The heat which this little furnace will afford is so intense, that its power 
was, at first, discovered accidentally by the fusion of a thick piece of cast iron. 
The utmost heat procured by it was 167° of Wedgwood's pyrometer piece, 
which was withdrawn from a Hessian crucible, when actually sinking down in 
a state of porcellanous fusion. A stead}- heat of 155° or 160° may be depend- 
ed on if thefire be properly managed, and the bellows worked with vigour. 
(See Philosophical Magazine, vol. xvii. p. 166.) 

By a letter from Mr. Aikin, I have learned, also, a convenient way of exhibit- 
ing, in a lecture and performing at other times, the process of cupellution, by 
means of this furnace. It consists in causing a portion of the blast to be di- 
verted from the fuel, and to pass through a crucible in which the cupel is pla- 
ced. This arrangement supplies air ; and the whole may be seen by a sloping 
tube, run through the cover of the crucible. Fig. 57 shows the furnace when used 
for this purpose; a a the furnace; b the perforated stopper for the central 
blast i cc a portion of earthen falbe, through which the air passes, and is heat- 
ed during this transit; e a piece of soft brick, perforated to admit the earthen 
tube/, which may be kept open for inspecting the process. No luting is re- 
quired, except to join / to c. 

Fin. 58. Knight's portable furnace, composed of strong iron plate lined 
with tire lute, the inside diameter six inches, a shows the grate ; b the ash 
pit door ; d the door of the fire-place when used as a sand heat ; e c two holes 
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opposite to each other for transmitting- a tube ; g an opening for a retort neck, 
When used for distilling- with the naked fire. 

Fin. 59. A different view of the same furnace ; a the grate; c the regis, 
ter to the ash pit ; f a small door, with a contrivance for supporting a muffle. 
The other letters correspond with the explanation of the preceding figure. 

Pot this furnace the proper fuel, wlicn it is used as a wind furnace, is wood- 
charcoal, either alone, or with the admixture of a small proportion of coak. 
For distillation with a sand heat, charcoal, with a little pit coal, may be em- 
ployed. 

PLATE VII. 

Fig. 60 represents a fixed furnace, which I find very useful, because it 
may either be employed as a wind furnace or for distillation with a sand 
heat. Its total height outside is thirty -three inches, and the outside square is 
eighteen inches, or two bricks laid Lengthwise. The thickness of the sides of 
the furnace is th< breadth of a brick, or four and a half inches j but whenever 
there is room, \\ is better to make them nine inches in thickness. From the 
top of the fu be grate, which is moveable, and supported by two bear- 

ers, the heighl is thirteen Inches ; and at c is a double Ilumford door . or in 
preference, a hole closed by a moveable earthen stopper, for introducing fuel. 
The ash pit should have a register door. The chimney is four inches wide by 
three high, and may either be furnished with a damper or not. On the top of 
the furnace a cast-iron ring is fixed, ten inches inside diameter, three inches 
broad, and half an inch thick. It is secured in its place by three iron pins, 
passing through three equidistant holes in the ring, and bent at the distance 
of nine inches at a right angle. These serve the purpose of binding the ring 
firmly into the brick -work. The sand pots are of different sizes; and a varie- 
ty of them may be made to fit the same ring, by varying the breadth of their 
rims, as shown fig. 71. The bricks should be cemented together, at least for 
the inner half of their breadth by loft*, or by a mixture of Stourbridge clay, 
with two or three parts sand, and a proper quantity of water. 

When this is used as a wind furnace, the opening in the side is to be clos- 
ed by its stopper ; or, of a Kumford door be employed, it must be defended 
from the fuel by a fire tile. The fuel (coak) is introduced at the top, which 
is occasionally covered by a fire tile. When distillation with a sand heat is 
performed, the sand pot rests on the iron ring, and the fuel, which may be 
common pit coal, is added through the opening in the side. It may be prop- 
er to state, that, in order to receive a sand pot of as large a size as possible, the 
upper course of brick should be bevelled within the furnace ; and the width 
at the top may exceed a little that at the grate. 

The best Stourbridge or Newcastle-on-Tyne fire-bricks are necessary in 
constructing this and the following furnaces. 

Fio. 61 is a longitudinal section of a wind furnace, invented by Mr. Knight, 
with an additional chamber for applying the waste heat to useful purposes, a 
th< internal cavity, which is square, for containing the fuel and the crucible. 
i flue passing into a hot chamber c : an appendage particularly useful for 
drying luted cntcibles, or bringing them to a proper temperature for the fur- 
Vol. I. 43 
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nace ; for roasting" ores and various other purposes, d the flue connecting it 
with the vertical chimney e ; which, to produce a strong- heat, should never be 
less than thirty or forty feet high. // covers, consisting of twelve-inch Welsh 
tiles, with handles, g the stoke hole, through which no more of the fire is 
seen than appears between the grate and the bearing bar h. This space is left 
for the double purpose of raking the fire, and occasionally taking out the bars. 
k the ash pit, which is sunk below the level of the ground, and is covered, 
where it projects at /, by an iron grating. 

The best situation for this furnace, is an angle of the laboratory, the chim- 
ney being in the corner, as represented in the sketch. By this arrangement, 
the operator is spared the disagreeable necessity of scorching his legs, by 
standing opposite the stoke hole, while the backs of his legs are exposed to a 
current of cold air rushing to the furnace. 

Figs. 62 and 63 are different views of a furnace invented by Mr. Knight, 
and convertible to various purposes. 

The inside of this furnace is nine inches square, and sixteen inches deep 
from the top to the grate. The facefof the opening at g rises at an angle, which 
makes the back part five inches higher than the front. This contrivance ena- 
bles us completely to cover a large retort with fuel, without obstructing the 
passage of the air, and also relieves partly the weight of the cover, when it re- 
quires to be moved. The walls of the furnace are at least a brick and a half 
in thickness, and as much more as local convenience will allow. By sinking 
the ash pit below the level of the ground, at i, the height of the furnace needs 
not exceed eighteen inches, which renders the management of the fuel much 
more easy, and subjects the face and hands less to the action of the heat. The 
ash pit «, must be at least eighteen inches deep, below the surface of the 
ground, and more if convenient. It must have an opening, projecting from it 
three or four feet, to be covered with boards, and with an iron grating next 
the furnace. This preserves the legs of the operator from the action of the 
fire. 

The grate b is formed of separate bars, each of a triangular shape, three 
fourths of an inch apart, and resting on two bearers. In the front of the fur- 
nace, an iron bar is to be placed to support the brick-work, and to leave an 
opening, through which the bars may occasionally be drawn out, and the fire 
be raked and cleared of the slag. The chimney e is two and a half inches from 
the top, and four and a half wide, by two and a half high. 

To fit this furnace for occasional distillation with the naked fire, an open- 
ing, d, fig. 62, is left on one side, which is filled up, when not wanted, by five 
pieces of soft fire-brick, cut to a proper shape, and secured by a clay lute. It 
is proper, also, to be provided with other pieces, having arched openings for 
transmitting the neck of a retort. One of these pieces may have a round hole 
for occasionally transmitting a tube, and a corresponding hole, h, fig. 63, must 
then be made in the opposite side of the furnace, to be closed, when not want- 
ed, with a stopper. 

Frus. 64 and 65 represent a sand heat, for containing flat evaporating ves- 
sels ■ t.ie deptn from back to front two feet j the width, agreeably to the scale, 
six feet At the front is a riin four inches deep, consisting of a piece of iron 
olate which is fastened at each end into the wall. The floor or bottom, e e, is 
formed of cast iron plates, which rest upon each other in corresponding rab- 
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bets. The advantage .of several small plates, over one large one, is the cheap- 
ness and facility, with which they are replaced, if cracked by the heat, an 
accident, of not infrequent occurrence. The joints are secured by a fire lute, 
which effectually prevents the sand from falling through. The fire place is 
shown by b ; at the bottom it has a grate ten inches long, by eight wide. The 
flame and smoke circulate first through the flue c, and then through the re- 
turning flue d, which conveys the smoke to the chimney g . In constructing 
the flue beneath the grate, a row of bricks, set edgeways, answers the purpose, 
and serves also to support the inner edge of the plates. 

It is advisable to cover the sand heat with a sloping roof, which may be 
formed of lath and plaster, and supported by side walls. The lowest part of 
the roof may be foremost, and about three feet above the edge of the iron 
plates. It is, also, necessary to have an air flue, nearly at the top of the back 
wall, under the dome or roof, to be closed occasionally by a door. This must 
open into the chimney, in which case it serves the purpose of carrying off nox- 
ious vapours. 

PLATE VIII. 

Figs. 66, 67, 68, are the section and plans of a reverberatory furnace for 
experimental purposes. In this furnace, the fuel is contained in an anterior 
fire-place ; and the substance, J .o be submitted to the action of heat, is placed 
on the floor of another chamber, situated between the front one and the chim- 
ney. The flame of the fuel passes into the second compartment ; by the form 
of which it is concentrated upon the substance exposed to heat, which is not 
confined in a separate vessel or crucible, but placed on the floor of the furnace. 
When reduced to a state of fusion, the melted mass is allowed to flow out 
through a tap-hole: at /(. The dimensions of this furnace it -is scarcely possi- 
ble to state, as they vary so considerably indifferent parts of it; but they may 
be ascertained by referring to the figures, and by the application of the scale. 
In all three figures, a represents the ash pit ; b the grate composed of moveable 
bars ; c the door at which the fuel is introduced ; d a door in the side of the 
chamber, for the purpose of inspecting the process ; e the floor of the furnace 
which descends, and is gradually contracted towards the back part ; /another 
door for introducing and stirring the materials ; g the back part of the furnace, 
immediately under the chimney ; h the tap-hole ; i the chimney. 

Figs. 69 and 70, exhibit a cupelling or enamelling furnace. The form of 
this should be an oblong square ; its dimensions being regulated by that of 
the muffle, which should go home to the back, its front edge lodging on the 
mouth of the furnace. On each side of the muffle, two inches and a half must 
be left, to let the fuel pass readily underneath, where there should also be a 
similar space. A stoke hole must be left on the other side, but the situation of 
the view will not admit its being shown. Before the muffle, is a projecting ledge 
or shelf, shown at e, which is intended to support any thing that is to be put in- 
to the muffle. Two twelve-inch tiles, worked in along with the bricks, will an- 
swer this purpose. In both figures, a shows the ash pit ; c the grate ; d the 
muffle ; e the opening for introducing the muffle ; / the chimney, and g the 
Cover. 

Fig. 71. Sand pots with rims of different sizes. 
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Figs. 72, 73. Dr. Black's portable furnace, made of shlg iron lined will) fire 
clay. Its dimensions, as thev vary in almost every ]v.rt, v ill best be learned 
from the scale ; a the fire place ; b the chimney ; c the ash pit ; d the door of 
the ash pit; e a register for regulating the quantity of air admitted to pass 
through the fuel. 

Fig. 74. Mr. Chenevix's wind furnace. This is rudely sketched in Nich- 
olson's Journal, from which the more accurate figure in plate viii. is taken. 
This furnace Mr. Chenevix describes as follows : " I have constructed a wind 
furnace, which, in some respects, is preferable to the usual form. The sides, 
instead of being perpendicular, are inverted ; so that the hollow space is pyr- 
.vmidal. At the bottom the space is twelve inches square, and at the top 
only eight. The perpendicular height is seventeen inches, from the top to the 
grate. This form unites the following advantages. 1. A large surface is ex- 
posed to the air, winch, having an easy entrance, rushes through the fuel with 
great rapidity. 2. The inclined sides act as reverberators. 3. The fuel falls 
of itself, and is always close to the grate." 

In the figure, a represents the grate ; c c are two bricks which can be let 
in at pleasure, to diminish the capacity : b is another grate which can be plac- 
ed on the bricks c c, for occasion ;1 purposes : d d are bricks, which can be 
placed on the grate b, to diminish the capacity of this part of the furnace ; e the 
cover. Both sets of bricks should be ground to the slope of the furnace. 

In the construction of every furnace, which is intended to produce a strong 
heat, lime or mortar should be avoided, and the bricks should be set in loam, 
or Stourbridge clay, worked up with water and sand, inserting occasionally piec- 
es of sheet iron, bent twice in opposite directions at right angles. The fur- 
nace should be allowed to remain some weeks, after setting up, before it is used ; 
and before raising a strong heat, a gentle fire should be sometimes kindled in 
it, the strength of which maybe gradually increased. When a strong blast is 
expected, it is necessary to bind the brick -work together, externally, by strong 
iron bars and plates, kept in their places by screws. The chimney should be 
nine inches wide, and raised to as great a height as circumstances will admit. 

The coak of pit coal is the only fuel fitted for exciting an intense heat, and 
should be used in all cases except in the reverberatory, and in distillations with 
the sand bath, when pit coal may be employed. The charcoal of wood is 
adapted principally to portable furnaces. 

PLATE IX. 

Fig. 75. The galvanic battery called couronne de tasses, described vol. i. 
p. 156. 

Fig. 76. Apparatus for obtaining the elements of water in separate tubes ; 
see vol. i. p. 161. 

Fig. 77. The pile of Volta ; see vol. i. p. 155. 

Fig. 78. Section of a galvanic trough, to explain the theory of the excita- 
tion of galvanic electricity ; see vol. i- p. 170. 

Fig. 79. Apparatus for obtaining oxygen and hydrogen gases, from sep- 
arate quantities of water not in contact with each other ; see vol. i. p 262. 

Fig. 80. Two agate cups connected by moistened amianthus ; see vol. i. 
p. 162. 






DESCRIPTION OF THE PLATES. 341 

Fie. 81. Two gold cones similarly connected, 163. 

Fig. 82. -Agate cups similarly connected with an intermediate vessel i; 
see vol. i. p. 164. 

Fig. 83. Apparatus for procuring potassium from potash and iron filings, 
described vol. i. p. 177. 

Fie. 84. Apparatus for firing gases by electricity, or submitting them to 
electrical discharges, vol. i. p. 118. 

Fig. 85. Pepys' improved gas-holder, a a small iron retort placed in the 
fire with a jointed conducting tube 6, which is admitted into the vessel at c. 
This is shown on a larger scale in a different part of the plate. The letter d 
is placed on the body of the reservoir, and near the central pipe, which de- 
scends from the cistern e to nearly the bottom of the vessel. At/ a glass tube 
is fixed, which shows the height of the water within the vessel. When a jar is 
intended to be filled with gas from the reservoir, it is placed, filled with 
water and inverted, in the cistern e. The cocks 1 and 2 being opened, the wa- 
ter descends through the pipe attached to the latter, and the gas rises through 
the cock 1. By raising the cistern e to a greater elevation, any degree of 
pressure may be obtained ; and a blow-pipe may be screwed on the cock at the 
'left side of the vessel. 

PLATE X. 

This plate is added to this Edition, by Professor Silliman, it is a copy of 
Plate IV. from Gay Lussac and Thenard's Researches, and is described in note 
15, vol. i. 

THE FRONTISPIECE 

Is also added by Professor Silliman, and is described in note 13, vol. i. 
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NOTES, 

BY PROFESSOR SILLIMAN, OF YALE COLLEGE. 

Note 1, page 17. Introduction. 

The argument which the author has so successfully urged with respect 
to his own country, admits of a still more forcible application to this. 
Chemistry is here almost a new pursuit, and hence it is not uncommon to 
find even intelligent men manifesting an entire ignorance of its nature and 
utility. 

Happily, the increasing taste for the science, which is indicated by our 
augmenting sources of chemical information, gives good grounds to hope 
that this species of knowledge will soon be extensively diffused. 

Chemistry is at present publicly taught in most of the colleges, and, as is 
believed, in all the medical institutions of this country, not to mention 
courses of popular lectures delivered in our large commercial towns. Pos- 
sessing, as the United States do, a very extensive territory, embracing every 
variety of surface, and probably of internal structure, the greate. part of 
winch is scarcely explored, there can be no doubt, that important ources 
of individual and national wealth are yet to be opened, by chemical and 
mincralogical enterprize. 

We must regard it as not less a national reproach, than it certainly is a 
national loss, that most of the products of the chemical arts are imported 
into this country from Europe. It would be easy to establish this position 
by an extensive induction of particulars. It may be mentioned, however 
that our own potashes are exported to Europe, and there in a great measure 
manufactured into glass, which comes to us for the supply of our houses 
while we have sand (the other ingredient of glass^ir abundance. It is true 
we have now several manufactories of glass, but they attempt little beyond 
the coarser productions of the art, and afford nothing like an adequate sup- 
ply of these.* 

Till lately, not a pound of sulphuric acid (oil of vitriol) could be pro- 
cured except from Europe ;| most of our pigments and medicines are de- 

* Within a few years, some very interesting changes have taken place in the chemical arts of 
this country ; numerous manufactories of glass, in particular, have arisen, which afford, in several 
instances, the best window glass, and not a small proportion of the glass utensils necessary for do- 
mestic use. and for chemical experiments. The window glass of Boston has, for several yean 
been justly celebrated for its beauty, and is highly esteemed even in London, where, as I am in- 
formed, several houses are glazed with it. Very handsome flint glass is manufactured at Pitts- 
burgh, by Messrs. B. Bakewell & Co. from whom I have received specimens of chemical appara 
tus ; and I have seen numerous other specimens from the same manufactory of the various domes 
tic articles of glass, both for purposes of utility and elegance, which are very little inferior to those 
of foreign manufacture. Very handsome and Rood window glass is manufactured at Utica. 

t Since this article was written (in 1807) Mr. H. H. Baldwin, a young gentleman educated at 
Yale College, has succeeded perfectly in the important aid difficult manufacture of sulphuric 
acid ; he commenced in the town of Wbodbridge, near New-Haven, with a small establishment, 
which has since been removed to New-York and much enlarged. I have constantly used his acid 
during two years past in my chemical experiments, and find it equal to the best foreign. I have 
received from him also very large and beautiful crystals of sulphate of copper (blue vitriol) and ef 
acetate al" had (sugar of lead) both of which are mauufactuied by ban in the large \>»y. 
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rived from the same source, and most of those who compound and vend, 

and too many of those who administer the latter, are ignorant of their chem- 
ical properties. At this moment not a vessel of porcelain is manufactured 
within the United States} and it is not easy to procure even a stone bottle, 
of domestic manufacture, which is impervious to the united pressure of 
fluids and condensed gases. 

Under such circumstances it is easy to see, that the practice of chemis- 
try, even for philosophical purposes, must be attended with difficullies of 
no small magnitude ; but those very difficulties prove, more, oonclus 
than any mere reasonings could do, the absolute necessity of promoting 
chemical knowledge ; and it may be confidently affirmed, thai, until intelli- 
gent chemists are. trainer} up at home, and induced to attempt the intro- 
duction and extension of the chemical auts, the United States will never 
attain to that pinnacle of national superiority, which Great Britain and 
France owe more to the successful cultivation and application of natural 
science, than to their military prowess and successes. 

The limits of a note will not allow of that ample illustration of this sub- 
ject, which is due to the great interests of this country, as connected with 
chemical science and chemical arts. On no subject whatever, is extens \> 
national and individual patronage more needed than on this, and no where 
would it bring a more ample individual and national reward. 

Mote 2, }><!!;'<: 23. Furnaces. 

Dr. Black's furnace was admirably adapted to the purpose which he had 
principally in view, which was the exact regulation of the heat ; but it was 
very inconvenient for many operations, and wholly inapplicable to others 
of much importance. It has been recently so far modified in London, as to 
deserve the name under which it is sold, by Mr. Accum, of the universal 
furnace, for, with it, every chemical operation (in the small way) may be 
performed. In the mean time, the principal purpose of its inventor is frus- 
trated ; but still, if a single furnace were to be selected, it should undoubt- 
edly be this. 

It may be useful to those for whom these notes are intended, and proba- 
bly to others, to know, that furnaces sufficiently good for most chemical 
operations, may be procure d in New-Haven. Mr. Lyon will do the iron 
work, and Prime and Bradley will make the fire brick and line them. A 
furnace constructed of thick sheet iron, of a cylindrical form, of about ten 
or twelve inches diameter in the cl< ar, with two holes, one in eacii side, 
for the convenience of placing a tube across the furnace, with a chimney 
issuing out of the side, near the top, and furnished with an iron pot, let 
into the top, for a sand heat, is such an one as our workmen will ex 
with little difficulty. It will answer all very important purposes of private 
ment, and if furnished with a support made hy two perpendicular 
iron bars, attach d to feet like those of andirons, connected at bottom by a 
cross bar, and adapted to iron staples fixed in the sides of the furnace, so 
that this last may slide up and down upon the iron rods, and be fixed at 
any particular height by thumb screws, it will be found highly convenient. 

The iron pots for the sand heat may be procured at Salisbury, Stafford, 
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and every other place where hollow ware is cast, and the expense of the 
whole need not exceed twelve or fifteen dollars. In such furnaces I have, 
many times, decomposed potash, and obtained good products of potassium. 

JVote 3, page 30. Evaporating Vessels. 

The want of apparatus is a principal difficulty with beginners, and espe- 
cially in this country ; and it is therefore desirable to point, out simple con- 
trivances by which these difficulties may be obviated. The author has in 
several parts of his work alluded to some practices which will now be de- 
scribed more minutely. 

The bottom of a broken retort, or flask, answers very well for an evapo- 
rating bason. The broken part may be removed by scratching the glass 
with a file, at the place where we wish it divided, and then applying a red 
hot iron to the place, till a crack is formed, which will follow the hot iron 
quite round, and may thus be led any where at pleasure. Another method 
is to tie a string, moistened with oil of turpentine, around the glass, and to 
set fire to it, holding the glass so that the flame may play on the line where. 
we wish the division to take place ; on applying cold water, the glass will 
separate, unless very thin. In this manner a broken bottle may be convert- 
ed into a plain or a tubulated air jar, according as the top or bottom has 
been broken ; a retort's neck into a funnel or tube, and its bottom into an 
evaporating bason. A ragged edge may be removed from broken glass by 
filing it under -water. It is very material that it be under water, or con- 
stantly wet. 

Does the fact, that water greatly facilitates the cutting, filing, or grind- 
ing of glass, whether immersed in, or merely moistened with, that fluid, 
arise from any chemical, or merely from a mechanical action i 

JVote 4, page 34. Lutes. 
Finely powdered and sifted quick lime, with the white of an egg, forms 
an excellent lute. It must be applied with celerity, as it soon hardens. 
This lute will confine corrosive vapours, and endures most degrees of heat 
below redness very well. The best way of applying it is, to break one end 
of the egg, and as the white is beginning to run out, let it fall upon the 
part of the instilment to which the lute is to be applied. If carefully 
managed, the white will merely hang from the aperture in the egg, without 
separating, and by turning the instrument, it may be applied all around. 
Then, reversing the position of the egg, the remaining part of the white 
will run back into the shell, and may be kept for farther use. The lime 
may be applied by laying the instrument upon it, and turning it round and 
round till it adheres, or it may be sprinkled on, when it will adhere to the 
moistened part. 

J\'ote 5, page 37. Blo-w Pipe. 

The hydrostatic blow pipe of Mr. Robert Hare, jun. in which the stream 

of air is propelled by a column of water, is both ingenious and convenient. 

A sufficiently regular blast is maintained for a long time, while the operator 

is perfectly at liberty, nothing more being necessary, than occasionally to 

Vol. I. 44 
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give a few strokes with a lever. See Mr. Hare's Memoir, Tilloch's Maga- 
zine, Annals of Chemistry, and a Note (in these additions) on the fusion of 
bodies by the compound blow pipe. 

Note 6, page 37. Mode of bending Tubes. 
Glass tubes may be bent in a common fire, or over a chaffing dish of lire 
coals, or, better still, at a smith's forge, and the angle is even more cor. 
rect, and the tube less liable to bre.-.k, than when they are bent at tl e blow 
pipe. With the aid of tubes and corks, very good gas bottles may be fitted 
up from common vials and flasks. The corks should be perforated with a 
red hot iron. A convenient instrument for this purpose, may be procured 
at the blacksmith's. It is merely a tapering rod of iron, two or three feet 
long, one third of an inch in diameter at one end, and quite pointed at the 
other. It should be furnished with a handle of wood, or a ring of iron, to 
hold it by. This will save much time and trouble in the adjustment of gas 
bottles. A little bees-wax rubbed upon the tube at th« place where it is 
to be inserted into the cork, and warmed at the moment of insertion, in- 
sures the tightness of the juncture. 

Note 7, page- 39. Crystallization. 

The author has introduced into his sixth edition an account of crystalli- 
zation, with some notice of the theory of Haut. My first intention was, 
therefore, to suppress the following remarks on crystallization, which have 
been already published in two American editions of Henry ; but, on com- 
paring them with the text of the author's last edition, I am disposed to 
think, that they may still be useful, as being more full, and, therefore, con- 
tinue them with little alteration. 

Crystallization belongs to a great number of bodies. It is the act by 
which their particles arrange themselves into regular forms, reducible to 
some of the known mathematical figures. It is owing to the exertion of 
homogeneous affinity, or the attraction of aggregation. Solution by means 
of a menstruum, or fusion, or volatilization by means of caloric, is an indis- 
pensable preliminary to crystallization. In the former case, it is necestury 
to drive off part of the solvent by heat ; in the latter, merely to allow the 
fluid to cool, or the vapour to condense, in order that crystals may be form- 
ed. Certain circumstances are, however, necssary to be attended to in 
order to success. If the solvent be very rapidly expelled by the aid of a 
high temperature, or, if the fused body be suddenly exposed to an in- 
tense cold, either a shapeless mass will be formed, or only confused and 
irregular crystals. In general, fine crystals are obtained only by slow evap- 
oration, and by slow cooling. Water, and most of the metals are examples 
of bodies that crystallize by a mere reduction of temperature ; the salts are 
crvstallized by diminishing the quantity of the solvent, that is, by evapora- 
tion, or by conjoining both of these principles, diminishing the solvent by 
evaporation, and reducing the temperature ; or, when a particular portion 
of a salt has been suspended by the aid of an elevated temperature, a simple 
reduction of temperature is sufficient, without evaporation. For an elevat- 
ed temperature increases the power of most solvents. Common salt, how 
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ever, is dissolved in nearly equal quantities by cold as by hot water. No 
advantage is pained, therefore, in dissolving this salt by the aid of heat, 
nor does a reduction of temperature cause it to crystallize. The only 
method in which this can be effected is, to diminish the quantity of the 
solvent. Hence the salt boilers crystallize this salt over the fire by boiling 
away the water ; on the co.itrary, a solution of nitre made with heat is suf- 
fered to cool in order >n.a it may crystallize. In both these cases, however, 
the fluid which remains may be made to afford more crystals by farther 
evaporation, unal it is all dissipated. 

The pressure of the air appears to favour crystallization by favouring the 
approximation of the particles, till they come within the sphere of mutual 
attraction ; for, when a saturated solution of the sulphate of soda is made 
at a boiling heat in a matrass, and a cork inserted while it is still boiling, so 
as wholly to exclude the atmosphere, the solution will remain fluid on cool- 
ing ; but on withdrawing the cork it will crystallize, especially if a crystal 
of the same salt, or indeed, any solid, have been dropped in, from which 
the crystallization may begin ; for it is found that crystallization is much 
facilitated by supplying a nucleus ; and Le Blanc, a Parisian apothecary, 
has even founded upon it a method of obtaining large and beautiful crystals. 

In this example of the sudden crystallization of the sulphate of soda, we 
may notice also the development of caloric, which is, in this particular 
case, sudden and evident, and always takes place during crystallization, al- 
though the process is commonly so slow, that the rise of temperature is 
scarcely perceptible. 

An increase of bulk is commonly an effect of crystallization, but, some- 
times, the bulk is diminished, as in the case of mercury. Substances, which 
have been deposited from an aqueous solution, always retain, intimately 
combined, a portion of water, which is called their water of crystallization. 
The efficacy of freezing mixtures is owing, in a considerable degree, to this 
water of crystallization, which, by becoming fluid, absorbs caloric. When 
the water of crystallization causes the salt to become fluid with the aid of 
heat, the salt is said to suffer the aqueous fusion. When the water of crys- 
tallization escapes spontaneously, in consequence of exposure to the atmo- 
sphere, and of the attraction of the air, the salt is said to effloresce, for the 
crystalline form is destroyed, and the salt falls into powder. When the 
salt attracts water from the air, and becomes more or less fluid, it is said 
to deliquesce. 

All bodies, in crystallizing, assume a determinate form. Thus the crys- 
tal of alum is an octahedron ; that of common salt, a cube ; of the beryl, a 
hexahedral prism, &c. It must not be understood, however, that these 
forms are invariable. The same substance will sometimes assume one 
form, sometimes another, according- to circumstances. But to this apparent 
caprice, there is a limit, for a given substance will always crystallize in 
one of a given number of forms, which are appropriate to it. What the 
ultimate power, which produces these remarkable effects is, we are ignorant ; 
but certain laws, by which it operates, have been recently developed, and 
have conducted to conclusions both singular and interesting. What had 
'> ■ -i> conceived by lion)- de LTsle and Bergman, has been ably demonstrate 
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ed by Hauy ; and it is proposed at this time to give the outlines of* his theo- 
ry of crystallization. It was intended, also, to give the figures necessary 
io demonstrate his ideas; but circumstances having rendered this inconvr 
nient, reference may be had to the figures in Thomson and in Murray, and 
in Rees's Cyclopedia, and to the more extended accounts there given of 
Ilauy's theory. Those who would see it in all its details and applications, 
may refer to Ilauy's Mineralogy, vol. i. ii.; the Annals of Chemistry, vol. 
xvii. ; Philosophical Magazine, vol. i. and Nicholson's Journal, vol. ix. 8vo. 

The accounts here given will be sufficient to elucidate the subject to 
those who hear the lectures for which this work is adapted as a text book, 
and the demonstrations which are given in connection with the lectures, 
from the models of crystals, will render figures less necessary. 

Hauy has demonstrated, " that in every crystallized substance, whatever 
may be the difference of figure -which may arise from modifying circumstances, 
there is, in all i*e crystals, a primitive form, the nucleus, as it were, of the crys- 
tal, invariable in each substance, and by various modifications, which he points 
out, giving rise to the numerous secondary or actually existing forms. The 
lapidaries have long known, that the crystals of the precious stones can be 
divided or split onlj in certain directions, and that they split in those direc- 
tions with smooth fixes. It was the observation of a similar fact which led 
to the theory of Hauy. He remarked, that an accidental fracture of a hcxa- 
iicdral prism of carbonate of lime, presented a very smooth surface. The 
fV. cture had happened obliquely from one of the sides to the base, so as to 
cut off one of its edges. The surface had so much lustre, that it seemed to 
be a natural layer or joining, and this induced Hauy to attempt to divide 
,t still farther. Tins he was able to effect by applying the blow of a ham- 
mer to a knife, so placed, that the new fracture was parallel to the former 
one. He now tried the next side of the prism by the same means, but this 
proved refractory, and no division could be effected. The next side to this 
divided as the first had done, with a smooth surface, making the same angle 
with the base. The next side proved refractory, but the next to that mani- 
fested the same structure with the first and third. From this statement it 
appears, that every other side, viz. in this case, the first, the third, and the 
fifth, was divisible in the same manner, the planes formed by the respective 
sections making the same angle with the base. Reversing the position of 
the prism, Hauy next attempted to divide it at the other end, beginning 
on the side which he had first separated with the knife ; but he now found 
this, in its turn, refractory ; the next, however, which at the other end had 
resisted the knife, now yielded to it, and thus the sections were continued, 
on the alter ■ :e faces, until there was no face which had not been divided 
at one end or the other. 

The hexahedral prism had now become a solid with fo rteen faces. The 
bases had become triangles, the sides p ntagorfS, and, :ii place of the • 
at tlie buses, were six trapeziums, three at one end and three at the other. 
inuing die sections on all the sides, by fractures parallel to the former 
ones, the bases wholly disappeared. The solid was now a figure of twelve 
pentagonal sides. The see ions being still continued in ti. inner, 

the lateral pentagons became triangles, and the solid of twelve sides was 
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now bounded by six lateral triangles and six pentagons. Finally, the divi- 
sions being continued as before, the lateral triangles disappeared, and the 
figure became a rhomboid. 

So singular a result induced him to attempt a similar dissection with 
other crystals of carbonate of lime, and, however various were the figures 
of the crystals, he found them all reducible to the rhomb, which he there- 
fore considered as the primitive crystal of all the carbonates of lime. 

The same method being tried with the crystals of other substances, it 
was discovered, that, by finding the natural joinings of the respective lay- 
ers, a primitive form might be extracted out of all of them, whicii was, in 
most instances, different from the actual form of the crystal. This primi- 
tive form is always the same, in the crysvals of the same substance. Thus, 
the primitive form of the fiuate of lime is an octahedron ; that of the sul- 
phate of barytes a prism with rhomboidal bases ; of corundum, a rhom- 
boid somewhat acute; of the beryl, a hexaliedral prism; of the Elba iron 
ore, a cube ; of felspar, an oblique angled parallelopiped, but not rhom- 
boidal ; of blende, or the native sulphuretted oxide of zinc, a dodecahedron 
with rhomboidal sides. It is not true, however, that crystals of every kind 
have been subjected to this mechanical analysis. Many of them have been, 
many others are not susceptible of it, because they are too soft or too brit- 
tle, or for some other reason not affecting the principle. But, from the 
strix evident upon many of these crystals, indicating that they would di- 
vide only in a certain direction, and from the relation subsisting between 
their different secondary forms, Hauy finds reason to conclude what their 
primitive forms are. Had it not been possible, for instance, to split the 
dodecahedron of the carbonate of lime, consisting of two hexaliedral pyra- 
mids, its primitive form could, in many cases, have been readily discover- 
ed by mere ocular inspection ; for the rhomboid can in many crystals be 
seen distinctly lying in the middle of the crystal, so evident are the strire. 
The crystals of carbonate of lime are, however, very divisible, and the 
primitive form may, at once, be extracted by a few strokes of the hammer 
and knife. Hauy defines the primitive crystal to be " a solid of a constant 
form, inserted symmetrically in all the crystals of the. same species, and 
the faces of which observe the direction of the layers which compose these 
crystals." 

Only six primitive forms have been hitherto discovered ; viz. the paral- 
lelopipedon, including the cube, the rhomb, and all other solids, bounded 
by six faces, parallel two and two ; the regular tetrahedron ; the octahe- 
dron witli triangular faces ; the six sided prism ; the dodecahedron with 
rhomboidal faces ; and tiie dodecahedron with isosceles triangular faces. ' 

Thus far, the theory, or rather the development of fiicts must be ad- 
mitted as wholly satisfactory. But Hauy does not stop here. The me- 
chanical analysis may be carried still farther. The primitive crystal may 
be always divided by sections parallel to its different f.ices, and even in 
Other directions. Were the dissection to be continued, by divisions m;ide 
on all the sides at once, with the separation of layers of equal thickm 
is obvious that no change of form would be effected ad infinitum ,• e. g. a. 
cube would still be a cube, and so on. But a division may be made paral- 
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lei to some one side o» more, and not to the rest ; for instance, a hexahe- 
dral prism may be supposed to be divisible through all the diagonals of its 
bases, each one of which diagonals is parallel to two sides and no more. 
In this way it would be divided into six equal triangular prisms, and the 
prisms, joined again by their faces, would compose the original six sided 
prism. Now, this figure is one of the primitive forms, and we see that it 
may be made up by other forms very different from itself, and different 
from any of the other primitive forms, and these forms may be developed 
by continuing the sections by lines parallel to one face or more, but not to 
all. Moreover, if the primitive form be divisible, in some other line not 
parallel to either side, it will be clearly possible that we may find it com- 
posed of forms different from itself. Thus, if a cube were divided through 
both its diagonals, on any one side, it would be reduced to four triangular 
prisms, and these prisms, if joined by their faces, would again compose the 
original cube. If the division were earned through all its diagonals on 
the different sides, the cube would then be resolved into twenty.four ob- 
lique tetrahedra, and these tetrahedra, joined again by their faces, would 
compose the original cube . 

It is not pretended that the analysis, by dissection, has been carried to 
this extent. It is certainly conceivable, however, supposing it possible to 
operate on such small masses of matter, that it may be pushed so far, that 
no change of form beyond the given one would ensue, without resolving the 
substance into its original elements. To these last particles, the ultimate 
term not only of actual, but of supposablc dissection, the name of integrant 
particles has been given by Hauy. So fur as experiment has gone, they are 
three, viz. the tetrahedron, the simplest of pyramids ; the triangular prism, 
the simplest of prisms ; and the parallelopipedon, the simplest of solids, 
whose faces are parallel two and two. Of these three integrant particles, 
it is believed that the six primitive forms of crystals are composed. We 
have already seen how they may unite so as to produce forms very different 
from themselves ; and if we consider that they may unite in different ways, 
by their edges or faces, we shall find no difficulty in admitting that they 
are fully competent to produce the six primitive forms. 

As it is often asked by those to whom this theory is new, why the inte- 
grant particles are not considered as the primitive forms, and why we stop 
at tiiesc last, since they are all reducible to the three integrant particles ; it 
will be useful to remark, that we have no evidence, that the integrant par- 
tides, by uniting with each other in various ways, produce any more than 
tlie six primitive forms. The number of forms of crystals is, however, very 
great, and it happens only in a few instances, comparatively, that the actual 
form is the primitive. The truth seems to be, that the integrant particles 
first unite and produce the primitive form ; this is the first step in the pro- 
duction of a crystal. 

The primitive form is the nucleus, the kernel, as it were, from which the 
crystal grows, and this primitive fi>rm is generated by the union of the inte- 
grant particles, either by their fi.ee:; or edges. The additional matter which 
Envelops the nucleus, and forms the mi'.ss of the crystal, is composed of 
ihin layers or slices, consisting of integrant particles, deposited upon the 
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faces of the nucleus, so as to form laminae parallel, in every step of the pro- 
gress, to these faces. In the aggregation which takes place upon the sur- 
faces of any given primitive form, we are not to consider the additions as 
composed necessarily of masses similar to the solid already produced, but 
of integrant particles only. In a word, the integrant particles first produce 
the primitive form, and then, beginning upon this as a substratum, they 
build up the crystal, that is, the actual or secondary form. But how is the 
vast variety of secondary forms produced from so small a number of pri- 
mary forms P They arise from the abstraction of one or more rows of parti- 
cles from the sides or angles, in the several layers of super-position, thus 
giving rise to the various modes of decrement, which Hauy includes under 
several laws. 
■ 1. Decrements at the edges. 

2. Decrements at the angles. 

3. Intermediate decrements. 

4. Mixed decrements. 

The first of these laws admits of easy illustration. Suppose a cube upon 
which we wish to construct a rhomboidal dodecahedron. It may be effect- 
ed in the following manner. Suppose a layer of integrant particles to be 
added to any one side of the cube, but stopping short of the edge by one 
row of particles all around. It is obvious, chat, in this manner a kind of 
step will be formed, and the new layer will not cover the whole of the side, 
but leave one row of particles uncovered, at the edges. Now, suppose the 
next layer to fall short of this by ov.e row of integrant particles, and each 
successive layer to be deposited in the same manner and with the same de- 
crement, till at last the layer shall consist of only a single particle. In this 
manner a four sided pyramid will be erected on one side of the cube. Sup- 
pose the same process to be repeated on each of the six sides of the cube. 
It is apparent that, in this manner, six pyramids will be produced, each of 
which is bounded by four triangles, and as the rate of decrement was uni- 
form on each side of the cube, the planes of the pyramids on the contiguous 
sides will form one continued plane, viz. two equal triangles will be united 
and form a rhomboidal face, and as there are twenty-four triangles, there 
will, of course, be twelve rhombic faces. The solid will then be a dodeca- 
hedron, bounded by rhomboidal faces, a figure not at all analagous to the 
primitive form with which we began. 

If we were now to reverse the process, we may extract the primitive form 
bv chipping off" with a knife the successive layers, till the six sides of the 
original cube should be again brought into view. It will not be necessary 
to go through a minute illustration of the other laws. It will be sufficient 
to state them somewhat more fully. The decrement, which has been de- 
scribed, is obviously parallel to the sides of the primitive form. It is plain, 
that a decrement, commencing with the omission of a single particle at the 
angle ; then of three, immediately contiguous, in the next layer above ; then 
of five in the next above that, and so on, would be a decrement parallel to 
a diagonal of the face of the primitive form. This, then, is decrement ac- 
cord n 1 ^ to the second law, that is, decrement at the angles and parallel to 
the diagonals. Were it to go on regularly at all the angles at the same 
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time, the secondary form produced would be a. regular octahedron. (Thom- 
son, 2d. edit. vol. iii. p. 220.) 

The third law differs from this only in one circumstance. The subtrac- 
tion is supposed to be made by commencing with a single particle at the 
angle, as before ; but, instead of going on in a line parallel to the diagonal, 
the subtraction becomes parallel to a line intermediate between the diagonal 
and the side ; and this is effected, by making the subtraction in the propor- 
tion of one particle in the line parallel to one side enclosing the angle, and 
of two particles in the line which is parallel to the other side enclosing the 
angle, so that the decrement is really an oblique one, being parallel neither 
to a side nor to a diagonal, but to an intermediate line, and hence its name 
of intermediate decrement. In the fourth law of decrement, whether it be 
parallel to the edges or angles, the abstraction is not by one row of parti- 
clcs in breadth, or by one row in height, but by two or more rows in each 
of these cases. Hauy denotes this decrement by a fractional expression, 
where the numerator denotes the number of rows of particles which con- 
stitute the decrement, and the denominator the thickness of the lamina. 

All the varieties of crystals may be explained by the application of these 
four laws, and the various modifications of which they are susceptible. 
These modifications are reducible to seven heads. 

1. Sometimes, the decrements take place en all the edges, or on all the 
angles, at once. 

2. Sometimes, on certain cd.^es, or on certain angles only. 

3. Sometimes, they are uniform by one, two, or more rows. 

4. Sometimes, the law varies from one edge to another, or from one angle 
to another. 

5. Sometimes, decrements on the edges and angles take place at the same 
time. 

6. Sometimes, the same edge, or the same angle, undergoes several suc- 
cessive laws of decrement. 

7. There are cases, where the secondary crystal has faces parallel to those 
of the primitive form, and which give rise to new modifications, from their 
combinations with the faces resulting from the decrements. 

An immense number of forms of crystals may exist with such a diversity 
of laws, and the possible forms far exceed the actual. The carbonate of 
lime, for instance, confining the calculation to two of the simplest laws, is 
susceptible of 2044 different forms, the subtractions being by one or two 
ranges ; if three and four ranges be admit' ed, the possible forms will amount 
to 8,388,604, whereas the forms really known are only about 40.* Such are 
the outlines of the theory of Hauy. As it lias net been demonstrated, and 
perhaps, from the nature of the case cannot be, that crystals are actually 
formed in this manner, we must regard it as a mathematical hypothesis, de- 
pending for proof upon the ample manner in which it explains the phenom- 
ena, and the exact correspondence of calculation with fact, the theory having 
been applied successfully by its author in predicting the chemical constitu- 
tion of substances from the form of their crystals, thus anticipating the ac- 
curate results of analysis. 

* .According to Bonmon, however, including every modification, tbey are now about 700,' 
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Note 8, page 61. Definite Proportions. 

The important subject of Chemical Attraction has recently assumed a 
new degree of interest, in consequence of the adoption, by a considerable 
and respectable portion of the chemical world, of the opinion, that, in 
ehemical combinations, the principles which combine are constantly in <k 
finite proportions. A concise exhibition of the nature of this doctrine, and 
a few remarks upon it, will form the subject of the present note. Those 
who adopt the opinion, just now mentioned, probably do not intend to 
make it the expression of an universal, but rather of a general truth, for 
instances can easily be produced, of combinations strictly chemical, wheru 
there seems to be an insensible gradation, and nothing like definite propor- 
tions can be observed. The instances alluded to are, principally, referable 
to what is commonly called solution, and they may be included under two 
heads ;— those that are entirely unlimited, and those that are limited on 
one side only. Under the first head perhaps a better example cannot be 
mentioned, than that of water and alcohol ; — a drop of alcohol combines 
with an ocean of water — a drop of water with an ocean of alcohol, and, 
from the one to the other, there is a series of combinations, proceeding, 
cither way, by a perfectly insensible progression : will any one say 
they arc merely mechanical mixtures ? — this is not true, because only chem- 
ical means can separate them, ltepose, for any length of time, does not 
produce a separation of the two fluids, according to their specific gravities, 
nor will filtration or any other mechanical means effect that object ; it can 
be done by distillation or affinity, but in no other way. 1 l is true, that the 
combination is not of that energetic kind, where the original properties arc 
destroyed, and completely new ones are produced ; the original properties 
are only modified according to the proportion of the ingredients, but this 
does not afford good ground for questioning the reality of the combina- 
tion, for if it did, we should be obliged to consider, as mere mixtures, 
most results of solution, and particularly where water is the solvent. 

Will it be said, that such cases depend on mere mixtures of different 
combinations of the ingredients, which combinations, separately considered, 
are the results of the union of the principles, in definite proportions ? Were 
this established, it would put an end to any farther discussion, but I 
is, as yet, no satisfactory evidence of the fact. Of the other class, of in- 
stances, are most solutions of solids in fluids, as, of camphor and resins 
in alcohol, and of gums and salts in water : in such cases there is, on one 
aide, a limit to the combination ; that is, these fluids cannot take up more 
than a certain quantity of these substances, respectively ; but, below this 
point of saturation, there is an imperceptible gradatiou down to the mi- 
nutest proportion which is cognizable by chemical tests. What minute 

ities, for instance, of the muriates, dissolved in Water, are disc* . 
ble by nitrate of silver j or of the soluble sulphates by muriate of barytea? 
ami it w iil Hardly be said, that a mere mixture of different combinations, 
in definite proportions, would produce that uniform diffusion of the sub 
dissolved, which we find in these, and other analogous ca.>es. It isy 
however, true, and the truth has loner 

Vol,. I. 45 



354 NOTES. 

the best defined chemical compounds, those whose principles are apparent- 
ly united by the most energetic attraction, are invariable in the proportion 
•f those principles ; they unite, either in one proportion only, or in one of 
several, and, as far as our knowledge extends, they cannot be united in any 
proportions different from these, or in any intermediate ones : such combi- 
nations may, undoubtedly, be hereafter discovered, but, should they be 
found, they will be possessed of new and peculiar properties, and will, 
therefore, not invalidate, but confirm the general truth. 

Oxygen and hydrogen gases afford an example of two principles, which 
combine only in one definite proportion : if pure, and in the proportion of 
two volumes of hydrogen to one of oxygen, when k.ndled by the electric 
spark, in a suitable apparatus, they entirely disappear, and the only pro- 
duct is water ; if either of the gases had been present in more than the 
requisite proportion, the excess would have remained unaltered, after the 
explosion. When water is analyzed, (for instance,) by passing the gal- 
vanic influence through it, by means of wires of gold or platina, we recov- 
er the gases in precisely the same proportions ; two of hydrogen to one of 
oxygen by volume, or fifteen of hydrogen to eighty-five of oxygen by 
weight. Ammonia affords a similar instance ; it is composed of hydrogen 
and nitrogen, or azote, and we are not acquainted with any other com- 
pound of these two bodies ; to form ammonia, they unite in the proportion 
of three volumes of hydrogen to one of nitrogen, or by weight, three of 
hydrogen to thirteen of nitrogen. (Davy's Elements, p. 153.) 

If charcoal be burnt in pure oxygen gas, the product is carbonic acid 
gas ; if these bodies be properly proportioned to one another, the charcoal 
entirely disappears, and so does the oxygen gas, and a volume of carbonic 
acid gas, equal to that of the oxygen gas employee 1 ;, remains ; if more char- 
coal than is necessary to saturate the oxygen gas be used, some of it will 
remain unaltered ; if, on the contrary, there were an excess of oxygen gas, 
a portion would remain unaltered, and, if the carbonic acid were with- 
drawn by lime water, the remaining oxygen would be found as capable of 
supporting life and combustion as before. This is therefore another exam- 
ple of an union in definite proportions, which are 5.7 of charcoal to 15. of 
oxygen by weight, (Davy) and there is such a condensation, inconsequence 
of the union, that the volume is not changed, and the carbonic acid gas 
weighs 47. while the oxygen gas weighed 34. and the increase of weight is 
owing to the carbon. Carbon and oxygen can, however, unite in more than 
one. proportion. Charcoal, in the proportion of 5.7, and oxygen m the pro- 
portion of 7-5, by weight, form an inflammable gas, called carbonic oxide, 
formerly called gaseous oxide of carbon. Two volumes of this gas, ignit- 
ed by electricity, with one volume of oxygen gas, are condensed into two 
volumes, which are carbonic acid, and which equal in weight the united 
Weight of the carbonic oxide and oxygen employed, and if the carbonic a- 
cid, thus produced, be decomposed, by electricity, over mercury, the two 
volumes of gas will be again enlarged to three, two of which will be car- 
bonic acid, and one Oxygen. (Davy.) 

The compounds of nitrogen, or azote, with oxygen, also afford examples 
sf combinations in definite proportions ; several bodies, possessed ot'pecu- 
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liar properties, being formed by the union of these two in certain definite 
proportions ; thus (according to Davy) azote, combined with one propor- 
tion of oxygen gas, forms nitrous oxide, with two proportions nitrous gas, 
and with four proportions nitrous acid gas. These instances will enable 
us to comprehend the most striking peculiarity of the doctrine of definite 
proportions ; namely, that -when two bodies combine in more than one propor- 
tion, the second, third, &c. proportions are always multiples or divisors of the 
first. This is conceived to be particularly true of gaseous bodies, and Mr. 
Davy thus generalizes the subject : (Elements, p. 59) " In all compound 
gaseous bodies the quantities of the elements are uniform for each species, 
and when two gaseous elements combine in more than one proportion, the 
second or third proportion is always a multiple or a divisor of the first ; 
and the case seems to be analogous with respect to all true chemical com- 
pounds, whether solids or fluids, in which no mechanical mixtures can be 
suspected, and where no partial decompositions can have taken place." 

Although the considerations suggested in the beginning of this note 
may lead us to doubt whether the extension here given to this principle be 
not too general, it appears to be true in many instances, and is certainly 
one of the most curious and interesting discoveries which the science of 
chemistry has afforded. Our limits will not allow us to trace the rise and 
progress of this discovery, and thus to do justice to those who have la- 
boured in this field ; but it should be mentioned that Gay Lussac first gen- 
eralized the phenomena with respect to the gases, and shewed that, " in 
all cases where gases unite, it is always in simple ratios of volume 1 to 1, 
or 1 to 2, or 1 to 3, and that the condensation, if any, is in a simple ratio." 
(Davy.) When two neutral salts decompose each other by a mutual ac- 
tion, there is never any excess of either acid or base, and the new com- 
pounds formed are perfectly neutral, and, in metallic precipitations, the 
whole of the oxygen and acid are transferred to the metal, which is intro- 
duced, and the new compound is perfectly neutral ; thus it appears, that 
when one body detaches another from its combination, it always detaches 
the same proportion ; as, when barytes separates sulphuric acid from any 
compound, or, vice versa, the new compound, sulphate of barytes, always 
contains about 34. acid to 66. eai-th. Dr. Wollaston has shewn, that, a- 
mong the alkaline salts, when the acid and alkali are capable of combining 
in different proportions, the second proportion is either a multiple or a di- 
visor of the first ; thus, if the perfect or neutral carbonate of potash be 
exposed to a red-heat, it will give off a certain proportion of carbonic acid 
gas, and will thus become a sub-salt, and if this sub-salt be completely 
decomposed by a strong acid, it will give a volume of carbonic acid, equal 
to that which was evolved by the heat; or if the neutral salt had been, in 
the first instance, decomposed by an acid, the gas obtained would have 
been equal to twice that given out by the heat. The same fact was true 
of the carbonate of soda ; and, in the sulphate and super-sulphate of potash, 
the neutral compound contained just half the quantity of acid contained in 
the other. Dr. Thomson found the same fact to exist with respect to the 
compounds of oxalic acid and potash, and of the same acid and strontites. 
ft is contended, that in the combinations of sulphur and oxygen with the 
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metals, a similar law is observed ; thus it is said, that the red oxide of 
mercury contains twice as much oxygen as the black, and that if the oxy- 
gen in the black oxide of iron lie considered as 2, that in the red will be 3. 
Sir Humphrey Davy, in his Elements, has given a good view of the doctrine 
of definite proportions, and he docs not consider it as irreconcileable with 
M. Berthollefs view of the influence of quantity on chemical decomposi- 
tions. Thus, in the celebrated example quoted from Bergman} " the decom- 
position of sulphate of potash by nitric acid, one proportion of potash may 
be separated from the acid ; and the other may combine with two propor- 
tions of acid; phenomena analogous to those of common double affinity." 
(Davy's Elements, p. 66.) He contends, that, in the combinations of ga- 
seous bodies, which have perfect freedom of motion, the proportions are 
unchangeable, and that the same law holds good in all solid compounds 
which have been accurately examined, and in which there is no chance of 
mechanical mixture. With respect to solutions, he allows that it is cer- 
tainly possible to dissolve different bodies in fluid menstrua in very various 
proportions, but the result may be a mixture of different solutions, rather 
than a combination, and glasses and alloys which M. Berthollet brings 
forward as compounds containing indefinite proportions, Mr. Davy thinks, 
may not have all their elements chemically combined ; and the points of 
fusion of alkali, glass, and certain metallic oxides, are so near each other, 
that transparent mixtures of them may be formed. 

On the whole, we cannot, in the present state of our knowledge, consid- 
er the doctrine of definite proportions as so far established, as to demand 
admission as an universal truth ; that, in all cases, where very energetic at- 
tractions are exerted, and new compounds with peculiar properties are 
generated, the proportions are invariable, cannot however admit of a doubt ; 
but, fully to establish the more extended view of this subject, that, in all 
cases inhere two principles combine in different proportions, those proportions 
hear such an uniform arithmetical relation to one another, that the lowest pro- 
portion is a divisor of all the higher, and the higher multiples of tlie lowest, 
demands a more extended seiie; of investigations than has hitherto been 
.iccomplished. Should the doctrine, in its whole extent, be fully estab- 
lished, it will give a great degree of simplicity and beauty to chemical cal- 
culation ; as all the proportions of bodies will be capable of numerical ex- 
pression, and not only wdl this be the case with respect to particular 
compounds, but the power or capacity of bodies to combine will be also 
expressed by numbers, because the combination will always take place in 
one proport on, in two, in three, or in four, and so on. Already have num- 
bers been assigned to a large collection of bodies, and the principle, upon 
which it is done, is thus clearly expressed by Sir Humphrey Davy. (Ele- 
ments, p. 62.) " As in all well known compounds the proportions of the 
elements are in certain definite ratios to each other, it is evident that these 
ratios may be expressed by numbers ; and if one number be employed to 
denote the smallest quantity in which a body combines, all other q i. enti- 
ties of the same body will be multiples of this number; and the smallest 
proportions, in which the undecomposed bodies enter into union, being 
n, the constitution of the compounds they form may be learnt, and 
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the element which unites chemically in the smallest quantity being ex- 
pressed by unity, all the other elements may be represented by the rela- 
tions of their quantities to unity." It has been agreed to fix on hydrogen 
as the unit, because it is the substance of which the smallest weights enter 
into combination, and the numbers, expressing other bodies, are gained 
from a comparison of their specific gravities with that of hydrogen ; if the 
body in question is known ever to enter into combination in a proportion 
so small, as that expressing its specific gravity compared with hydrogen, 
then the number expressing its specific gravity will be also that which ex- 
presses its power of combining ; but it may be, that the smallest quantity 
in which it combines is two proportions, or three, or four, and then its 
number will be gained by doubling, tripling, &c. its specific gravity com- 
pared witli hydrogen. 

Some of the principal facts which are known on this subject are ex- 
pressed in the following table, taken from the Quarterly Review, No. 15, 
page 78. 

Table of the Proportional Weights of Chemical Substances entering into 

combination. 









Weights com- 


Substances. 


Discoverers. 


bining. 


Oxygen 


Priestley 


1774 


15 


Chlorine 


Scheele 


1774 


67 


Hydrogen 


Cavendish 


1766 


1 


Nitrogen 


Rutherford 1772 


26 


Potassium 


Davy 


1807 


75 


Sodium 


Davy 


1807 


88, or 44 


Barium 


Davy 


1808 


130 


Ti llurium 


Muller 


1782 


67 


Uranium 


Klaproth 


1789 


77? 


Chromium 


Yauquelin 


1798 




Antimony 






165(330 ?) 


Manganesium 


Kaim 


1770 


103 


Zinc 






66 


Tin 






110 


Molybdena 


Hielm 


1782 


88 


Iron 






103 


Cobalt 


Brandt 


1733 


166 (110?) 


Copper 






120(128?) 


Arsenic 






90 


Nickel 


Cronstadt 


1751 


55 (110?) 


Bismuth 






134 


Silver 






205 


Lead 






398 


Rhodium 


Wollaston 


1804 




Palladium 


"VVollaston 


1803 


134 (106?) 


Mercury 






380 


Tungstenium 


Delhuyars 


1781 


94 








373 Berg. 



358 
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Weights com~ 


Substances. 


Discoverers. 


bining. 


Platina 


Sheffer or Lewis 1750 


180 Berg. 


Iridium 


Tennant 


1803 




Osmium 


Tennant 


1803 




Titanium 


Gregor ? 


1791 




Columbium 


Hatchett ? 


1802 




Tantalium 


Ekeberg 






Cerium 


Hisingen and Berzalius 1804 


86 (172?) 


Strontium 


Davy 


1808 


90 


Calcium 


Davy 


1808 


40 


Magnesium 


Davy 


1808 


38 ? (23?) 


Glycinium 


Davy 




39? 


Itrium 


Davy 




111? 


Aluminium 


Davy 


1808 


33? 


Zirconium 


Davy 




70? 


Silicium 


Davy 




31? 


Carbon 






11.4 


Beron 


Davy 


1807 


55? 


Phosphorus 


Brandt 


1669 


20 (25 ?) 


Sulphur 






30 


Fluoric Basis : 






5.7 


Water 


(1 ox. 2 hyd. Cav.) 


17 


Ammonia 


(1 nit. 6 hyd. Berth.) 


32 


Potass 


(1 ox. 1 pot.) 


90 


Soda 






118 (59) 


Barita 


Scheele 


1774 


145 


Strontia 


Crawford 


1790 


105 


Lime 






55 


Magnesia 


Hofmann 




53(38B) 


Glucina 


Vauquelin 


1798 


54 


Itria 


Gadalin 


1794 


126 


Alumina 


Margraaf 




48 


Zirconia 


Klaproth 


1788 


85 


Silica 


Margraaf 




61 (30.5) 


Aciils. 


Weights. 


Acids. 


Weights. 


Sulphuric 


75 


Columbic 




Sulphurous 


60 


Acetic 


96 Berg. 


Phosphoric 


55 Berg. 


Formic (this acid 


is merely 


Phosphorous 


35 (105?) 


a variety of the acetic) 64 Richt. 


Carbonic 
Nitric 


41 
101 


Oxalic 


70 ? Ben* 
140 5 S 


Nitrous 


86(71 B.) 


Mellitic 




Muriatic 


(52 B.) 


Tartaric 


124 Berg. 


Oxymuriatic 




Citric 


105 Berg 


Hyperoxymuriatic 




Malic 




Fluoric 


21? 


Mucic 




Boracic 


320? 


Benzoic 




Chromic 




Succinic 


79 Richt. 
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•^«'rf». Weights. Acid*. Weight*. 

Molybdic 133 Moroxylic 110? 

Molybdou* 118 Camphoric 64* 

Arsenic 135 Suberic 

Arsenous 120 Lactic 

Tungstic 128 ? 

By means of tables, constructed upon this plan, the proportions of the 
component parts of any compound which it contains can be ascertained ; 
thus, the number representing barytes is 145, and that representing sul- 
phuric acid 75, which gives for 100 parts of the salt 66 parts of earth and 
34 of dry acid, which is a result fully established upon the most accurate 
analyses. 

Chemists, of the most respectable character, are now engaged in prose- 
cuting researches upon the subject of definite proportions, and we may ex- 
pect farther light to be thrown upon this most curious and interesting 1 
subject. 

Note 9, page 84. Spirit of Wine Tliermometers. 

Our means of measuring cold, which, till very lately, were Considered as 
unlimited, since alcohol had never been frozen, have been recently circum- 
scribed by a discovery of Mr. Hutton, of Edinburgh, who has succeeded in 
freezing alcohol. We have, therefore, now, no means of measuring the cold 
produced in Mr. Hutton's experiment, unless we return to the air thermom- 
eter, or resort to metallic rods, which, in fiict, must now be considered as 
our only measures of the most extreme cold. 

For some farther account of Mr. Hutton's discovery, see Note 38, on al- 
cohol, 

Note 10, page 103. Influence, of Pressure «n Ebullition. 

These principles may be illustrated very pleasingly, in the following 
manner. 

Provide a flask with a stop-cock, cemented to its mouth. A common 
straight stop-cock thrust through a cork, and firmly pressed into the mouth 
of the flask, will answer the purpose. Introduce as much water as will fill 
about one thud or one half of the flask. Place it on live coals, in a chaf- 
ing-dish, and, when it boils rapidly, shut the cock. Immediately the ebulli- 
tion will be checked, and, in the progress of a few seconds, it will nearly or 
quite cease. Remove the vessel from the fire, and open the cock; the ac- 
cumulated vapour, which repressed the ebullition will then rush out with 
great violence, and the fluid will boil very rapidly. This experiment re- 
quires caution, lest, from continuing the heat too long, the flask should 
burst ; and it will, therefore, be well to prove the strength of the flask by 
degrccs ; but the beginner must not venture too far. 

Again, while the water is boiling freely in the flask on the iirc, shut the 
cock, and remove the vessel into a cool place. Although at a distance from 
the fire, the boiling will continue for some time ; it may be for a quarter or 
half of an hour. During this period, if the flask be immersed in c«ild v 
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a rapid ebullition will be produced ; if in hot, it will be repressed or entire 
ly destroyed. Lastly, if a flask with a very long neck be tightly corked 
while it is boiling-, and after it lias become cold be suddenly reversed, tbe 
water in it will fall down the neck with tlie apparent weight of a stone ; for 
it now falls without any resistance from the atmosphere. 

This instrument, or one constructed on this principle, with some varia- 
tion of form, is called the ivater-Itammcr. 

If a strong- saline solution be made to boil, and the flask containing- it be 
corked while it is boiling, and then removed into the cold, it will continue 
to boil for a much greater length oj time than water. Most lecturers on 
chemistry, to illustrate crystallization, prepare a saturated solution of sul- 
phate of soda, at a boiling heat, and oork it as described above ; when this 
is done with several pounds weight of the salt, the so-ution will continue to 
boil in the cold for hours afterwards ; the reason in these cases is obvious, 
for the saline solution is much hotter at its boiling point than simple water, 
and, therefore, continues to produce ebullition in the partial vacuum much 
longer. 

A retort of glass with a long neck, and a fair strong mouth, is one of the 
best instruments for exhibiting the phenomena described above ; the quan- 
tity of water should be such, that, when the position of the retort is revers- 
ed, it will about fill two thirds of the neck ; the body of the retort then 
presents a very large surface to the contact of the cold air, by which tlie 
vapour is so condensed as to produce a very pleasing ebullition in the neck 
of tlie retort, and it is much augmented by applying the hand or a rag 
moistened with cold water ; but we must be cautious in pouring on cold 
water as it sometimes breaks the retort. When a retort prepared in this 
manner has become quite cold, it shows the phenomena of the water ham- 
mer in a very striking manner, 

JVote 11, page 103. Vapwation of Ether. 

The experiment is not striking, unless the water be hotter than 104°, in 
which case it becomes unpleasant to immerse the hands in it. 

Perhaps the following method is better. Introduce some ether into a 
small vial ; tie the neck of a bladder fast around the neck of the vial, and 
introduce the latter into water at the temperature of 150° or 200°. Within 
a few seconds the bladder will be fuUy distended fcy the vapour of the ether, 
as much as it would he by a vigorous inflation i'lom the lungs, and some 
of the ether will disappear from the viaL On withdrawing this from the 
water, the bladder soon becomes flaccid, and very rapidly, ii" dashed with 
cold water. Water may be vaporis <J in the same manner, only substitut- 
ing a small flask ibr the. vial, and immersing it in hot mercury instead of 
hot water. 

The following 1 beautiful experiment is mentioned by Mr. Accum, and 
succeeds perfectly in practice. Fill * glass mattrass, having a long neck, 
with water, except a small | ; tins space 

with ether; place Che thumb on the mouth of ., so as to close 

it completely; invert it, and mouth of tiie instrument beneath tlie 

.- pneumatic cist- v.mb, and secure the 
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aattrass firmly in its position, which may be done by a ring- support, such as 
is used with the lamp furnace ; the ether will collect at the top of the ves- 
sel ; now pour on the boiling water from the mouth of a tea-kettle ; the 
ether wiH immediately boil, and be converted into elastic vapour, which 
will drive the water entirely out of the mattrass, and, on ceasing- to pour 
on the hot water, the etherial vapour will beg-in to be condensed, and the 
cold water to ascend in the neck of the mattrass ; as soon as it arrives in 
the ball of the instrument, the condensation of the vapour will become so 
rapid on account of the extensive surface of cold water to the contact of 
which it is exposed, that the water will rush in with a rapid whirl, and 
with a loud stroke upon the glass, seeming as if it must dash it in pieces ; 
the ball is instantly filled, and the rotary motion of the water continues 
for some time in a very pleasing manner. 

Note 12, page 104. Production of Cold by Evaporation. 

It has long been known, that evaporation produces cold, and the experi- 
ment of congealing water by the evaporation of ether, either under the exhaust- 
ed receiver of the air pump, or without, is f -..miliar to most persons conversant 
with experimental science. But this subject has been recently prosecuted by 
Professor Leslie, and others, to a surprising extent, so that even quicksilver 
is frozen by evaporation. The process of Professor Leslie is thus describ- 
ed: "a wide thermometer tube with a large bulb was filled with mercury, 
and attached to a rod passing through a collar of leather, from the top of a 
cylindrical receiver. This receiver, which was seven inches wide, covered 
a deep flat basin of nearly the same width, and containing sulphuric acid in 
the midst of which was placed an egg-cup half full of water. The enclosed 
air being reduced, by the working of the pump, to the 50th part, the bulb 
was repeatedly dipt in the water, and again exposed to evaporation, till 
it became incrusted with a coat of ice about the 20th of an inch thick. The 
eup, with its water still unfrozen, was then removed, and the apparatus 
replaced, the coated bulb being pushed down to less than an inch from the 
surface of the sulphuric acid. On exhausting the receiver again, and con- 
tinuing the operation, the icy crust at length started into divided figures, 
awing, probably, to its being more contracted by the intense cold, than the 
glass which it invested ; and the mercury having gradually descended in the 
thermometer tube till it reached the point of congelation, suddenly sunk 
almost into the bulb, the gage standing at the 20th of an inch, and the in- 
eluded air being thus rarefied about 600 times. After a fa\v minutes, the 
apparatus being removed, and the bulb broken, the quicksilver appeared a 
solid mass, which bore the stroke of a hammer." (Christian Observer, vol. 
XI. p. 387.) 

" Dr. Marcet has effected the congelation of mercury by simply substi- 
tuting the evaporation of ether for that of water under the receiver of an 
air pump. For convenience, the graduated stem of the thermometer should 
pass through a collar of leather in the plate that covers the receiver. The 
bulb, (which should descend a few inches into the receiver) wrapped in a, 
little cotton wool, or in a little bag of fine fleecy hosiery, being dipped in 
ether, the plate is then placed over the receiver, which is exhausted as quick- 

Vol. I. 46 
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ly as possible. In two or three minutes the temperature is reduced t* 
about 45° below 0, when the mercury rapidly sinks and is speedily congealed 
This experiment succeeds, whether sulphuric acid be inclosed in the recviv 
er or not, especially if the temperature of the apartment be as low as 40° ; 
but it is more certain when the acid is present. When the surrounding 1 
temperature is unfavourable, the svicccss of the experiment may be facilitat- 
ed by first dipping the clothed bulb in water, and after freezing this by 
means of the air pump, pouring a few drops of ether upon it, and again ex- 
posing it to exhaustion." (Philosophical Magazine, vol. XLI. p. 154.) 
Dr. Wollaston has invented a new instrument, to which he has given die 
name of a Chryophorus. It is simply a tube, with a ball at each end ; the 
tube is bent into the shape of the letter U ; one of the balls is empty — the 
other half filled with water, and the whole is exhausted of air. When the 
empty ball is plunged into a frigorific mixture of salt and snow, the water in 
the other ball is frozen in a few minutes, and this, although it may be sev- 
eral inches, or even some feet distant from the freezing mixture. If a pro- 
cess be used with Dr. Wollaston's instrument, similar to that which has 
been described for the congelation of mercury, the water is frozen in less 
than a minute and with a pump of very moderate power. (Ibid.) 

Note 13> page 116. Gazomeler and Jiirholders in the Pneumatic Cistern 
of Yale College, f See Frontispiece. J- 
An instrument has been for several years used in the laboratory of Yale 
College, for experiments, in the large way, on the gases which water does 
not rapidly absorb, which has been found to be more convenient and com- 
plete than any other arrangement of apparatus for similar purposes. The 
first instrument of the kind wa9 manufactured in New-Haven. Being 
calculated for an extensive course of public lectures, delivered in a labora- 
tory where there is plenty of room, its dimensions are larger than might be 
worth while in establishments on a smaller scale. Its form is that of a par- 
allelonipedon, 7 1-8 feet long, 3 feet wide, and 2 feet 2 inches deep, without 
allo\v ; ng for the 2 inch pine plank of which this part of the instrument is 
constructed. The several planks and parts are connected by grooves and 
tongues, and bound together by iron rods, passing laterally through them, 
and terminating in screws furnished with nuts. The interior part is fur- 
nished with two shelves, [see Frontispiece AAA A.] each two feet six inches 
long-, for sustaining air-jars and bell-glasses ; the middle space between 
these is one foot eight inches wide, and forms a well [see Frontispiece II.] 
for immersing the bell-glasses ; across this well is placed a sliding shelf, 
[see Frontispiece G.] with three inverted shallow tin funnels beneath it, 
corresponding with as many holes for receiving and transferring gases. 
Thus far it is obvious, that the instrument is only a very extensive pneu- 
matic cistern, and has no superiority over those commonly in use, except 
from its affording ample space for a very important and interesting class 
of experiments, which are much more impressive and convincing to a large 
audience, when performed on a large scale. There are, however, a number 
of additional contrivances. Beneath each of the shelves are two inverted 
rectangular boxes, [shown in Frontispiece by dotted lines under AAAA] 
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made of thin pine plank, dove-tailed together at the angles, entirely open 
below, and attached to the inferior side of the shelves by tongues, grooves, 
and wood-screws. These boxes are 12 inches deep, of the capacity of about 
12 gallons each, and occupy the whole space beneath the shelves except 
7.5 inches at each end of the cistern, and 9 inches between the bottom of 
the boxes and the bottom of the cistern. This latter space is reserved to 
give room for the action of three pair of hydrostatic bellows. [See Fron- 
tispiece BB.] They are made of leather, nailed to the bottom of the cis- 
tern, distended by circular iron rings, and attached by nails to a thick cir- 
cular plank which serves as a top, and which is moved up and down by an 
iron rod connected with an iron lever, [see Frontispiece CCC] which rests 
on a forked iron support, attached to the upper edge of the end of the cis- 
tern. The bellows are so placed, that nearly one half projects beneath the 
boxes, which we may call reservoirs ; the other part is beneath the open space, 
which lies between the end of the reservoirs and the end of the cistern, and 
the rod of the bellows perforates the shelf immediately at the termination 
of the box and contiguous to it, but does not pass through the box, which 
must be air-tight. At the edge of that part of the bellows, which projects 
beneath tlie reservoir is a valve opening upward ; in ihe centre of the bel- 
lows, and on the bottom of the cistern, which is also the bottom of the bel- 
lows, is another valve opening upwards, covering an orifice which is con- 
nected with a duct, leading out, laterally, through the plai.k, edgewise, to 
the atmosphere. Into this duct is inserted a copper tube [see- Frontispiece 
DD.] consisting of two parts, one of which forms merely a portion of the 
duct, being driven into it so that it forms a perfectly tight connection ; the 
other part is soldered to this at right angles, and ascends in close contact 
with the outside of the cistern till it rises two inches higher than its upper 
edge, and there it opens in an orifice somewhat dilated. Each of the foup 
reservoirs may be considered as furnished with the apparatus or bellows, duct, 
valves, and tube ; although in the instrument to which this description re- 
fers, there are in fact but three bellows, &c. one reservoir being destitute of 
them. It remains to be remarked, that each reservoir is furnished with a 
stop-cock, which lies horizontally upon the shelf and partly imbedded in it, 
and passes into the reservoir by a short tube of copper, soldered at right an- 
gles with the cock. The cocks of the two contiguous reservoirs are placed 
parallel to each other and to the sides of the cistern, and immediately con- 
tiguous to the partition which separates the reservoirs, and they arc conr 
nected by a third stop-cock soldered to each of them, opening into both by 
propcr orifices, and thus serving, when occasion requires, to connect the 
i oirs, and, in fact, to convert two into one. Through each of the 
shelves, at the angles of the two reservoirs, which are contiguous at once 
to that side of the cistern which may be regarded as i s back part, and to 
the well, a hole is bored into the reservoir for the insertion of a copper tube 
for a blow-pipe. These tubes are so formed, that while one part is pressed 
firmly into the hole so as to be air-tight, another part, at right angles with 
the first, and bending in a pretty large curve, terminates in a trumpet-like 
orifice, adapted to the insertion of a cork. Immediately beneath these two 
erifices i is a table attached by hinges to the side of the cistern, to sustain a 
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lamp for the blow-pipe; when not in use, it hangs by the side of the cis- 
tern, and is raised occasionally as it is wanted. 

To an intelligent chemist, it will be obvious from an attentive perusal of 
the description, that this instrument will afford all the following' advan- 
tages. 

1. It is an extensive pneumatic cistern, with every common convenience, 
onabrge scale. 

2. By the bellows and their appendages, common air may be thrown into 
the reservoirs, by which means the height of the water on the shelves may 
be increased at pleasure, when it is too low. 

3- By permitting a portion of this air to escape, by opening one of the 
horizontal cocks, the height of the water on the shelves may be diminished 
at pleasure ; thus we have means of graduating the height of the water 
precisely to our purpose without lading it out or in. 

4. We have four capacious air-holders in the very place where the gases 
are produced, viz. in the pneurnatic cistern ; thus, four different kinds of 
gases may be stored away under water in a space otherwise useless. For 
instance, common air, for regulating the height of the water, or, for the 
blow-pipe, may be in one reservoir ; oxygen gas in a second, hydrogen gas 
in a third, and olefiant gas in a fourth, and they may be thus reserved for 
future use. 

5. The gases may be drawn off for use into bell-glasses, merely by bring- 
ing those bell-glasses, filled with water, over the horizontal cocks. 

6. It is obvious that the lour reservoirs are in fact four large gazometers ; 
they want nothing to entitle them to this character, except a scale which a 
moderate share of ingenuity would easily adapt to them ; the gases may be 
delivered into them at once by crooked tubes passing from the gas-bottles, 
and any gas contai ed in a bell-glass may be thrown into a reservoir, by a 
single stroke of the bellows. For this purpose a crooked tube connected 
with that which leads to the bellows and terminating in the well beneath 
an air jar, is all that is necessary. Or, by baring the arm, the gas may be 
thrown up by the hand, into the reservoirs, the jar being pushed down 
through the water. 

7. It affords an excellent blow-pipe for common purposes, noticed in a 
former note, and for the fine experiments with oxygen gas ; and, by fitting 
to it Mr. Hare's very ingenious apparatus of the silver cylinder, it becomes 
the compound blow-pipe for the invention and application of which he de- 
serves so much credit. By the same contrivance, water is formed with the 
greatest facility, by burning the two gases as they come from their respec- 
tive reservoirs, and issue at a common orifice, covering- the flame with a 
receiver. 

8. The inflammable gases being confined beneath the pressure of water, 
will issue at any orifices, where they are permitted, and thus all the orna- 
mental as well as useful purposes to which -the combustion of these gases 
is applied, may be exhibited ; particularly, the gas from fossil coal may be 
m.;de to burn in revolving jets, stars, anel other fanciful anil useful forms, 

ly by substitute g for a blow-pipe tube, the apparatus proper for this 
Ltion. 
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All these purposes, this instrument has fully answered dnring several 
years ; and it may be confidently recommended to lecturers on chemistry, 
and, on a smaller scale, would be very valuable to a private chemist. A 
forcing' pump might be substituted for the bellows, with a saving of" the 
space which the bellows occupy, but it would be probably less convenient 
in practice. 

The first idea of this instrument was suggested to the writer while in 
Philadelphia by Mr. Hare's compound blow-pipe. Being mentioned to that 
gentleman, the subject was prosecuted in common, and so far matured that 
it was afterwards executed by the annotator. (See Mr. Hare' ... communi- 
cation on the subject in the transactions of the Philosophical Society of 
Philadelphia. The details of the instrument, of which a plate is there 
given, differ however considerably from that which has now been de- 
scribed.) 

Note 14, page 157. Galvanic- Apparatus 
We are, undoubtedly, very far from having reached the limit of power 
belonging to galvanic electricity ; and, indeed, it would seem, from the 
present state of our knowledge, that there is no assignable limit to this 
agent, as every extension of the apparatus for exciting, it has been attended 
with an increase of power. It is, however, well known to all those who 
cultivate this branch of science, that there is a great difference in the effects 
of the galvanic battery, arising from* the size, compared with the number, 
of the plates. The power of effecting chemical decompositions, and of 
producing a shock in the animal system, appears to depend on the number, 
rather than on the size, of the plates ; so that, for instance, 12 plates, each of 
12 inches square, will produce but a vepy inconsiderable effect in both these 
respects, while, if they were divided into plates of 3 inches diameter, in 
Which case their number would be increased to 192, their effect in both 
respects would be very much augmented ; at the same time, their power of 
giving a spark, and of exciting combustion, would be now very inconsidera- 
ble, compared with their effect when they wei=' df.tlw original diameter. 
Both branches of this subject have been more fully illustrated by some of 
the more recent galvanic combinations. 

Mr. Children constructed a battery in London of twenty pairs of plates, 
each plate being four feet by two, and the whole surface of the plates was 
exposed, in the usual modes, to the action of acids diluted with water. 
When this battery was in full activity, it did not affect the human body^or 
water, more than an equal number of small plates would have done ; but, 
when a communication was formed through metallic wires, the most splen- 
did effects were produced. "A platina wire, one thirtieth of an inch in 
thickness, and 18 inches long, placed in the circuit between bars of copper, 
instantly became red hot, then white hot, the brilliancy of the light was 
soon insupportable to the eye, and, in a few seconds, the metal fell fused 
into globules. The other metals were easily fused, or dissipated in vapour, 
by this power. Points of charcoal ignited by it produced a light so vivid, 
that even the sunshine, compared with it, appeared feeble." (Davy's Elt* 
juents, p. 85.) Mr. Children has since constructed another battery oi'dou- 
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ble this size. It consists of 20 pairs of copper and zinc plates, each plate 6 
feet long, and 2 feet S inches broad. "Each pair is joined at top by rib* 
bons of lead ; and has a separate wooden cell. They are suspended from a 
beam of wood, and, having counterpoises, are easily raised or let down into 
their cells." The power of this battery was tried on the 2d of July, 1813 ; 
the fluid was a mixture of sulphuric and nitric acids in the proportion of 
*me part to 60 of water, and the proportion of acid wa ■ increased«tili it was 
doubled. Conductors of lead conveyed the influence to an adjoining shade 
where the experiments were made. This battery fused platina with facility, 
and it ignited six feet, in length, of thick platina wire, but could not ignite 
an equal length of smaller platina wire. Charcoal was heated to whiteness 
by this battery in oxymuriatic acid gas, but produced no change. (PhU. 
. Vol. XII. p. 144.) 

But the great battery of the Royal Institution of London is, probably, the 
most powerful instrument existing, in which number of alternations is com- 
bined with extent of surface. " It consists of two hundred instruments, 
connected together in regular order, each composed of ten double plates, 
arranged in cells of porcelain, and containing in each plate thirty-two square 
inches ; so that the whole number of double plates is 2000, and the whole 
surface 128,000 square inches." Activity was given to this battery by a 
mixture of one part of nitric acid, and one of sulphuric, with 60 parts of 
water, and the following were some of the effects produced. Pieces of 
charcoal about an inch long, and one sixth of an inch in diameter, when 
brought within the thirtieth or fortieth part of an inch, gave a bright spark, 
more than half their bulk became ignited to whiteness, " and, by withdraw- 
ing the points from each other, a constant discharge took place through the 
heated air, in a space equal at least to four inches, producing a most brill- 
iant ascending arch of light, broad and conical in form in the middle. When 
any substance was introduced into this arch, it instantly became ignited ; 
platina melted as readily in it as wax in the flame of a common candle ; 
quartz, the sapphire, magnesia, lime, all entered into fusion ; fragments of 
diamond, and points of charcoal and plumbago rapidly disappeared, and 
seemed to evaporate in it even when the connection was made in a receiver 
exhausted by the air pump ; but there was no evidence of then* having pre- 
vious!} undergone fusion." 

When the connection between the positive and negative points was made 

in air v;ry highly rarefied by the air pump ; when, for instance, the mercury 

in tiie gage stood at only one- fourth of an inch, " the sparks passed through 

a space of nearly half an inch ; and, by withdrawing the points from each 

other, the discharge was made through six or seven inches, producing a 

most beautiful comiscation of purple light, the charcoal became intensely 

id some platina wire attached to it fused with brilliant scintilla* 

and fell in large globules upon the plate of the pump." Ciiemical 

decompositions were produced by this combination with intense activity ; 

rks wei'e produced, and elastic fluids were rapidly generated in 

non-conducting fluids, such as oils, ether, and oxymuriatic compounds, 

'• and sparks were produced, i i in good imperfect conductors, such as 

uric acids." By conned ing the wires, one with the internal. 
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the other with the external coating of a Leyclen battery, the battery became 
instantly charged, and readily gave either a shock, or a spark, and the charge 
was renewed, in its fullest intensity, by the renewal of the contact for the 
shortest time possible. (Davy's Elements.) 

In the Philosophical Magazine, (Vol. XLI. p. 308) there is an account of 
an ing< nioas improvement in the galvanic apparatus by Mr. Jackson of 
Edinburgh. The great peculiarity appears to be, that the pairs of plates 
are oarefullj fused together, so as to form one solid mass of metal, and are 
therefore united in every point of their surfaces; they are placed horizon- 
tally in a s.mple frame, with pieces of cloth interposed and moistened with, 
diluted muriatic or sulphuric acid. This unites economy with effect, for 
this column is thought to be more powerful than the same number of plates 
arranged in a trough in the customary way. A battery of this new con- 
struction, composed of 100 pairs of plates,, of six inches in diameter, defla- 
grated 18 inches of platinawire. An apparatus of this kind, composed of 
40 pairs of plates of two inches in diameter, " was placed on a rock in the 
bed of the water of Leith, and a wire from one end was introduced into the 
river, a few feet from the apparatus : a wire attached to the other end of 
the battery, and extending 60 yards in length, was carried along the dry 
bank ; the end of this wire was taken into one hand moistened with water, 
and the other hand was dipped into the river ; and, although the circuit 
thus formed was equal to 120 yards, or 360 feet, yet the shock from so small 
an apparatus was quite perceptible. It was still more sensible when the 
hand was dipped in the river, and the tongue was applied to the wire. The 
decomposition of water proceeded rapidly." In a former experiment with 
the same apparatus, and a circuit almost as large, metals were revived from 
their solutions in acids. It was found, that, when the apparatus was on the 
rock in the midst of the river, the communication took place through the 
rock, and the moist earth and stones on the bank, so as to produce a shock 
and to communicate taste. 

Note 15, page 179. Decomposition of the Fixed Alkalis. fSee Plate X.J 
I have laboured much, and performed many experiments (a good propor- 
tion of which have been successful) on this subject. I was preparing to col- 
lect the observations which I had made, in order to give them in the form of a 
note to the present edition of Henry, when, through the kindness of my re- 
spected friend, John Griscom, of New- York, I was favoured with a manuscript 
extract from the Physico Chemical Researches of Gay Lussac and Thenard ; 
this extract I found so replete with instruction on this new and very inter- 
esting subject, that I did not hesitate to adopt it instead of what I had pro- 
posed to write. I wished to abridge it, but it is so excellent, that I am per- 
suaded the chemists of this country will easily pardon me for having given a 
translation of it entire, as the original work has not been, so far as I am in- 
formed, translated, and is very scarce. If any thing should occur to me, 
derived from my own labours, or those of others, which will probably 
simplify or illustrate the subject still farther, I will add something at the 
end of this memsir. 



368 NOTES. 

Extract from the Physico Chemical Researches of Gay Lussac and Thenard. 

56. The preparation of potassium consists in bringing- iron and potash into 
contact at a very high temperature. It is therefore necessary, in the first 
place, to obtain these two substances in that form and condition, which 
may contribute most to their reciprocal action. 

57. Iron turnings are preferable to filings, to wire and to nails, even when 
very small ; they have a superiority over the two former, (viz. wire and fil- 
ings,) because they do not obstruct the tabes, and, in that way, form an 
obstacle to the passage of the alkali ; they have one equally great over nails ; 
namely, in presenting an extensive surface of contact. Almost always the 
Iron turnings are in the spiral form, and covered in various places with a 
thin coat of oxide ; it is necessary to bruise and rub them in a copper or 
iron mortar till the oxide is broken and detached ; if they are covered with 
too thick a coat of oxide, they may be, in the first place, plunged in very 
weak sulphuric acid ; when the oxide is removed, the turnings are with- 
drawn, washed with abundance of water, and carried without .delay to the 
fire to dry ; it is true they will be slightly oxidized during the drying, but 
trituration will easily render them very brilliant. Iron, turned with oil, may 
be used equally well as that turned in water ; only it is well to dissipate, 
by fire, the oil with which it is covered, and Which serves commonly to 
keep it from rusting. 

58. The solution of the substances from which, in the first instance, we 
derive the potash, is far from being a matter of indifference. If it is obtain- 
ed from the potashes of commerce it is generally mixed with soda, because 
almost all these potashes contain more or less of it ; so that the metal which 
is obtained from these sources is most commonly an alloy of potassium and 
sodium. 

The most certain means of preventing this inconvenience is, to extract the 
potash from a mixture of one part of nitre, and two parts of cream of tartar. 
This mixture is projected into an iron basin sufficiently heated ; the fire 
acts upon it instantly, and cor; verts it into sub-carbonate of potash, which is 
in ated in the common way by lime and alcohol of 30 and some degrees. In 
strictness it is not necessary to purify the potash by alcohol, but we may be 
satisfied to boil it with lime ; in this case, after having evaporated it to dry- 
ness, it is necessary to melt it in a basin, and it must not be decanted till it 
is limpid, that a g'ood deal of carbonate of potash may separate and precipi- 
tate. The water being directly opposed to the formation of potassium, too 
great pains cannot be taken to separate it; it is volatilized at a cherry red 
heat in a crucible or basin ; in this manner, indeed, the potash always re- 
sumes a little carbonic acid, but it is not injurious. 

59. As potass ium can be procured only at a very high temperature, it fol- 
lows that no other than iron vessels can be used in its preparation ; all oth- 
ers (at least those of a low price) would melt, and the iron itself would enter 
into fusion, if it were not preserved from the action of the air by an infusible 
lute. To succeed in this preparation, it is necessary to bring the alkali into 
•ontact with the turnings of iron, only by degrees, and when the turnings are 
very red ; if the mixture of these two substances were made at first, the pot- 
ash would be volatilized before the heat was sufficient to produce the po- 
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tassium. This new process is accomplished by using gun-barrels which it 
is well to clean.* The tube, slightly inclined, is placed across a furnace. 
The whole of the part which is to be exposed to the action of the fire, 
must be filled with iron turnings, and also the most elevated of the two pares 
that are out of the fire must be filled with potash. The fire is raised, and 
when it is juVred to be sufficiently intense, the alkali is melted ; at first, thai 
portion which is nearest to the centre of the barrel ; then the next, &c. &c. 
All the portions flow successively, and pass tlirough the iron turnings ; but, 
as it might happen, that a part of the alkali might escape the action of the fire, 
if the tube were too much inclined, or might not pass at all, if it were not 
sufficiently inclined, it is preferable to bend the gun-barrel in the mannev 
that may be seen at the end of this work. 

60. The foregoing is undoubtedly sufficient to render the preparation of 
potassium, in the gross, intelligible ; but it is not possible to obtain a very 
precise idea of it, except by entering into all the details, of which it is com- 
posed, although many of these operations present no real difficulty. We 
shall describe them all, if not for the sake of chemists by profession, at least, 
on account of those, who, being desirous to become such, would wish to re- 
peat them. These operations are seven in number ; the first consists in 
cleaning the gun-barrel, which we are about to use ; the second is the bend- 
ing ; the third, the covering of it with an infusible lute ; the fourth, the 
introducing of the iron and the potash prepared in the manner winch has 
been described ; (57 and 58 ;) the fifth, the arranging in a furnace of a con- 
venient size, and supplied with air by a bellows of sufficient power; the 
sixth, the management of the fire ; lastly, the seventh, the collection and 
purification of the potassium. 

' 61. Simple friction will remove the whole of the oxide of iron, which com- 
monly covers the interior of gun-barrels ; but this oxide makes much less 
resistance to the action of weak sulphuric or muriatic acid, and still less to 
the continued action of these acids, and of friction. These two means are 
employed, at the same time, by stopping the tube at one end, and pourine- 
in the acid at the other, and moving within, and through the whole of its 
length, an iron rod, terminated by a stopper of wood, which is dipped, from 
time to time, in sand ; when the whole of the oxide is removed, the tube is 
washed in abundance of water, a towel or bibulous paper is passed through, 
to dry it, and both ends arc stopped to prevent a subsequent oxidation, if it 
is not to be used immediately. 

62. To bend a gun-barrel as it is exhibited plate IV.f figure 1. it is made 
red hot at B, the end A is fixed, and the end D is raised, the tube bends 
into a curve at B ; afterwards the tube is made red hot at C, the end D is 
fixed, and pressure is applied from above, downward, upon the part AB, and 
the tube bends at C ; the icngth of B'C is 10.6 inches, that of CD 3.2 in- 
ches, that of AB is variable ; it is not absolutely necessary, that B'C and CD 
should h;- of die length which has bean mentioned, but they should not be 
very much from it. 

* Rediie gun-bam Is may be used, and, in fact, we have always employed such in our exp'eh- 
ment*. 

t The read* r \» ill notice, that plate IV. referred to frequently in tub extract, is plate X. tn lifts 
work, which is placed opposite thil 
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63. The lute, which we use, ia formed of poller's earth, or grey clay, from 
the environs of Paris, and sand passed through a leather sieve. We temper 
th;s clay with water, and incorporate as much sand as possible, about five- 
times the weight of the clay ; the lute is thus rendered so meagre, that it 
becomes difficult to apply, and we add nothing to it, or only a very little 
horse-dung. If it contained less sand, the fire to which it ought to be ex- 
posed, would melt it, and soon — the iron by becoming oxydized would itself 
melt. 

64. Only that portion of the tube, which is to be strongly heated, is luted, 
or, at most, only the adjacent parts; thus, plate IV. figure 1, the lute ex- 
tends only from B" to C" ; it is necessary, that that part should be as little 
moist as possible ; only, to facilitate the adherence, the surface is wetted 
more than the centre. The lute is strongly compressed against the tube, 
and compacted with the greatest care in the different layers, to which is giv- 
en, in the whole, the thickness of about 16 millimetres -j^oVoV inches ; 
afterwards, the tube is placed in the shade five or six days, then it is plac- 
ed in the sun, or in a mild heat, during some days more, and, finally, it is 
exposed to a stronger heat, during almost the same space of time ; if, dur- 
ing all this time, any cracks occur in the lute, they are filled with fresh 
lute. When they are too small, they are enlarged, and, in all instances, the 
sides are moistened, so as to unite perfectly the new lute with the old. 

65. As the gun-barrel ought not to be full of iron turnings, except from 
B' to C, a piston is passed from the end A as far as B', and after having 
reversed the tube, the turnings are introduced by the end D, the tube is 
shaken from time to time for the purpose of compressing them a little, and 
when they are risen as far as C, which is easily ascertained by a bent rod, 
we do not add any more. It is never proper to accumulate them as far as C, 
and much more as far as C", because they would be mixed in part with the po- 
tassium. The alkali ought not to be introduced at this time into the tube ; 
it would be better not to do it till it is placed in the furnace — in this man- 
ner we have a certainty, that the matters do not get displaced. 

66. After having introduced, the iron into the gun-barrel, it is placed in 
a reverberatory furnace, as represented in plate IV- figure 2. The interior I 
diameter of this furnace is thirty centimetres, (11.8 inches.) The grate E 
is, at most, sixteen centimetres (6 inches) from the gun-barrel. The labo- 
ratory is conveniently furnished with sloping orifices, at FF, to afford a 
pass ge to the tube, which, upon one side, rests on the furnace itself at B', 
and on the other, upon a piece o-f brick at C The two sloping orifices, 
FF, and all the other openings, are stopped with brick and lute, slightly 
wet. That which we use externally, may lie moistened furnace earth, but 
that which is used internally, ought to be infusible, otherwise it would 

'induce the fusion of the lute, of the gun-barrel, and, eventually, of the fur- 
nace. 

67. When the gun-barrel is well adjusted, the piston is withdrawn from 
the part AB', and we introduce from 120 to 130 grammes (1353 grainsss 

■>■/.. troy, or 2008 grains=1.39 oz.) in fragments, winch we push with 
a rod of iron or wood as far as B', without compress.ng them too much. ; 
.; his means B' A' is full of alkali, and A, A' is empty. 
SSL As much gas is disengaged in the op -.ration, and sometimes the 
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D is obstructed, it is necessary to give them vent, by adapting to the end 
A, a glass tube, which dips into a vessel of quicksilver ; without this pre- 
caution, one would incur the hazard of being wounded, and of losing much 
potassium. 

69. The apparatus being thus arranged, and the lutes dry, we place al- 
ternately red hot and cold charcoal m the furnace, so far as to cover the 
gain-barrel, and even almost to fill the laboratory of the furnace. Then we 
place upon the laboratory the dome, having removed the chimney, and tliK 
parts connected with it, for the sake of easily introducing the charcoal ; the 
furnace is then filled with it, and we commence blowing. The current of 
air ought at -first to be very gentle. It is augmented by degrees, the char- 
coal is gradually inflamed, and, some time after, the flame appears above 
the dome ; at this period, or even before, wet towels are placed around B' 
B", for fear that the potash should melt ; the part CD is kept equally 
cold, and a copper receiver is immediately adapted. 

70. This recipient, GG' HIT, is formed of two tubes, (they are repre- 
sented separate, plate IV. figure 1,) which grow larger, and arc connected 
with each other, by grinding; it (the recipient) is placed upon a support, 
LL', the upper part of which is hollowed out to support it : the end of the 
gun-barrel D is received into the tube GG', with which it is connected by 
an earthy lute. 

A recurved glass tube I, is adapted to the tube HIT", and the cold body 
which was at first applied to CD, is removed to HIT ; then, by means of a 
good bellows,* the temperature of the furnace is raised as high as possible 
"When it is judged to be sufficiently high, instead of continuing to cool B'' 
B', we introduce live charcoal, which is sustained by a semi-cylindrical 
.grate, E', which extends under the whole of that of the gun-barrel, A'B' ; 
the potash which is in B'B" melts, and passes, in the state of vapour, through 
the part BBC. The considerable quantity of water, which it contains, not- 
withstanding it lias been purified at a red heat,-)- is decomposed, and causes 
a great disengagement of hydrogen gas, frequently of a cloudy appearance. 
At the same time the potassium is produced, and is condensed, in part, in 
the end 1), and m the recipient GG' HIT. Soon, after the disengagement 
of gas slackens ; we thence conclude, that there is very little more potash 
in the part B'B", and we melt that, which is in B"B"', by surrounding it 
with live coals as before. When this new portion has disappeared, the fire 
is applied, even as far as B"", and so onward. It is very important not to 
melt too much alkali at once ; for the temperature in B'C would be so much 
diminished, that it would not produce any more potassium. It«is for this 
reason, that the alkali is introduced into the part A'B' in fragments, and 
not in a single piece. Several indications enable us to decide whether the 
operation is going on well ; the surest of all is, the disengagement of gas, 
which ought to be very rapid, without, at the same time, producing va- 

* We use a double bellows of S folds— it is 0.29 m (IIAO in.) in the least breadth, 0.58 m (22.83 

in.) in the great -■•• Its length is about 0.90 m (35.43 in.) " ******»•»*«*»»»»• 

11.7 in.) j the twyer which is adapted to it i< O.oi ni (1. !ft in.) N B. The breadth of the lower 

ig is also mentioned, but as it was evidently a mistake of copying, I have omitted it. Tranr. 

t One bundr I pai ol potash, purified by alcohol, and exposed to a red b- at. retain 20 parts o' 
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pours, which are too dense at the extremity of the tube of glass 1. We can 
assume also as a rule in the operation, the time which is employed in ac- 
complishing- it, dating from the moment when the fire is most intense, and 
when the fusion of the alkali commences. The duration from that time 
ought to he, at most, one hour. It is terminated when the fire has been 
< trried successively as far as A', and when no more gas is disengaged. 
Then the dome and the laboratory are removed, and the grate is detached 
from below A'B', the tube of glass which was immersed in the proof vessel 
i withdrawn, and a little lute is substituted. Afterwards, having also 
stopped with lute the glass tube I, the gun-barrel itself is removed, and the 
refrigeration of it is accelerated by throwing water upon it, and causing the 
lute with which it was covered, to fall off. It might be left to cool in the 
furnace, but much time would be lost, and sometimes it would be difficult 
to withdraw it, because the lutes of the sloping orifices, BF, are vitrified, 
and by becoming solid, contract such an adherence with the furnace, that 
they become one body with it. 

71. It sometimes happens, that the gas suddenly ceases to be disengaged, 
by tlie tube I, and escapes by the tube which is plunged in the proof vessel 
M. This occurrence shows, that the extremity D is obstructed. It com- 
monly proceeds from the alkali which has arrived there when the fire has not 
been sufficiently strong; or, what amounts to the same thing, when the al- 
kali I as been driven too rapidly through the iron turnings. It is possible, to a 
certain degree, to remedy this inconvenience. As soon as it is perceived 
it is necessary to apply live coals around the end D, to melt the body which 
obstructs it, and it is necessary to increase the column of mercury in M. 
If v.e are successful in producing the fusion, the operation is continued, 
but at a higher temperature, otherwise it is stopped, and the gun-barrel 
withdrawn. 

72. If the lute docs not contain sand enough, or even if it does, and is 
badly applied, or badly dried, the operation fails, or, at most, succeeds but 

illy ; in the first case, it (the lute) vitrifies and flows ; in the second, 
it is detached, or presents a great number of little cracks, and, in both, the 
tube is very soon uncovered and pierced in some places, which become 
oxydized and melt ; it is rendered evident, because the gases are no longer 
disengaged either in I or M. When, on the contrary, the lute is of a good 
quality, well applied, and well dried, it always resists, and preserves the 
gun-barrel from the action of the air ,• and when the cracks are small, and 
it (the lute) is thick, the gun-barrel is still preserved. It has been recom- 
mended to give the lute the thickness of 0.016 m (.629 in.) It will be dif- 
ferent if it is only 0.008 ra (.319 in.) The air being compressed in the fur- 
mice by the bellows, will, in the end, penetrate through the cracks, even to 
the gun-barrel, although it passes in a zig-zag course, and soon after, a 
little oxide aided by the ashes, will cause 'die lute to melt. 

73. Two gun-barrels may be placed in the same furnace — it is our con- 
stant practice; they are placed side by side. Even three may be introduc- 
ed, 1;}' placing- the third a little above the two first. It would be advan- 
tageous to us.: a square furnace. If this furnace 13 large enough, nothing 
will hinder us ;'rcia operating upon, at lest, six tubes. It may becoheciv- 
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■M also, that, by using iron tubes of a larger diameter than gun-barrels, 
much more potassium may be prepared at once. The cylinders must not be 
too large, because then, they cannot be sufficiently heated in the centre. 

74. These objects are, to a certain degree, attained by placing in the tube 
more iron turnings, and causing to pass over them more alkali than has 
been mentioned above. It will be sufficient for this purpose to make B'C 
longer, to have a furnace, the diameter of which is more than 0.30 m (11.81 
in.) and to replace the alkali in the part A'B' as soon as the first quantity 
which has been introduced is melted and converted into metal. 

75. The potassium being volatile, arrives, and is, in a great measure, 
condensed in the end of the tube D, and there it falls almost wholly in a 
state of fusion, into the recipient GG'HH , (plate IV. fig. 2,) where, by the 
cold, it is solidified. When we would withdraw" it, the lutes which are 
upon D are removed ; the tube is stopped to prevent the inflammation of 
that portion which may be found in it ; for the same reason, a little oil of 
naptha is poured into the recipient ; and, after having separated the two 
pieces, the whole quantity which is concreted is made to fall into another 
portion of this oil. The potassium thus obtained is commonly pure. It 
ma> be preserved in the form which it has assumed in cooling, in the vessel 
in which it has been received ; but it would be better to give it a spherical 
form, because, under this form it presents less surface than under any oth- 
er, and consequently less hold for external agents. This object is attained 
by compressing it in the cold, under naptha, in little dishes, whose diame- 
ter ought to vary according to the quantity winch we have ; it should not 
be heated for fusion till the parts have been well compacted by pressure. 
For the purpose of taking out that which remains in CD the tube is cut at ' 
C with a file ; the end CD is plunged in oil, and a cylinder of iron almost 
as large as the tube is thrust in ; the potassium is in this manner thrust 
into the oil itself. As it contains a little potash, it is purified by heating 
it in a little dish always under oil, and by compressing it gently as soon 
as it is melted ; in this manner the greater part rises by the side of the 
rod, under Lhe form of very brilliant globules, which can be united into one 
by compressing them in the cold, and melting them anew. When once 
united, if they do not present cavities or greyish parts in their interior, we 
may regard them as pure ; from each tube we obtain 18 grammes (278 
grains) of purified metal.* 

76. We have seen, in the preceding articles, every thing which is necessary 
to be dene to obtain potassium pure : nothing remains then, to have a com- 
plete idea of the operation, but to examine the contents of the tube. We ob- 
serve in the first place, that no potash remains in A' B', and that there are 
only traces of it in C D, provided the heat has not been raised too high. 

But, as the recipient contains only potassium, it follows that all the 
potash has disappeared, except the portion which remains in the part T/C 
of the gun-barrel ; this quantity is very considerable, sometimes even half 

* There is scarcely ever any potassium which stops in the end CD or the tube, or, at least, only 
very small quantities, which may be withdrawn, if we choose, by a short rod, after having always 
covered it with oil ; this potassium is always mixed with a little potash, which pre vents it from 
flowing in the allonge. In all cases it is necessary to purity it in the manner which has been de- 
■cribed. 
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of the whole which was employed in the experiment. At the same time; 
the potash has been exposed to a most intense heat. We presume that its 
fixity is owing to the oxide of iron which is formed, and with which it ap- 
pears to combine. This sort of combination is very apparent on cutting 
the tube in different parts of B'C ; it fills the space between the laminae of 
the iron turnings, and unites them so perfectly, that often water penetrates 
only with difficulty, and they can be extracted only by striking upon the 
tube with a hammer. It is even possible that it is this combination, which' 
opposing the contact of the iron with the alkali, made it necessary to use so 
much iron in order to obtain potassium ; what supports this opinion is, thai 
the iron turnings found in the gun-barrel, after the operation, are brilliant 
and flexible, and appear to be in the metallic state ; so that it does not ap- 
pear, except for the reason which we give, why they would not be destroyed 
completely with a sufficient quantity of alkali. Accordingly, after having 
withdrawn them from the tube, if they are washed and triturated to remove 
the oxide of iron and the potash with which they are mixed, they may be 
used for another operation with as much success as new turnings. 

It may be seen in the table which follows, how much potassium is obtain- 
ed from a given quantity of potash, (see the end of this note, page 377,) 
and how potash remains in the part of the tube B'C. 

77- There are two modes of accounting for the phenomena presented by 
the preparation of potassium. In one it is supposed that the potash is a 
metallic oxide: tli.it the iron, at a high temperature, reduces this oxide, 
and liberates the metal which' is potassium. In the other, it is supposed, 
that the potash is a simple body, and, that, being completely deprived of 
water, it combines with hydrogen, and forms a compound of a metallic ap- 
pearance, which is the potassium. In both, it is admitted, as a demon- 
Ntratcd truth, that potash, melted at a red heat, still contains much wa- 
ter; that this water, which heat alone cannot expel, is decomposed by 
the iron, and that, from this source, arises a great disengagement of hy- 
n ; but, in the first case, it is said, that all the hydrogen of the water 
which is decomposed, is disengaged, and that the iron is oxidized simul- 
taneously by the oxygen of the water and of the potash : while in the 
second case it. is said that the whole of the hydrogen of the decomposed 
ngaged — that one portion of it combines with the potash 
at the moment when it is dry, and that the iron is oxidized only by the 
i of the water. Tims, then, orte of these hypotheses consists in con- 
be potassium as a Simple metallic body; the other, as a coin- 
pound of hydrogen and dry potash, or, as a truehydruret of potash. This 
is not a proper occasion to introduce a discussion which could not be sus- 
tained without recapitulating all the facts; for, as a theory or hypothesis 
is, or, ought to be, .an expression of all the facts, it is impossible to form a 
of it in any other manner, than by becoming acquainted with 
them all. Finally, it will always be easy to use the languaga'of both hy- 
pothef lever potassium combines with oxygen, it may be said a- 

greeably to the first theory that potash is formed anew; on the con- 
trary, according to the second, that it (potash) is only set at liberty, and 
that the potassium, being only a hydrtiret of potash, thence arises the wa- 
■ hich the alkali c i1 
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78. Sodium is prepared in exactly the same way as potassium, and 
gives origin to-^he same phenomena : the only difference is, that instead of 
placing potash in A' B' (pla.e 4, fig. 2.) we must substitute pure soda 
which has been melted at a red heat.* The carbonate of soda from which 
it is extracted must be examined with great care. If this salt contains 
potash it must be crystallized till it ceases to contain any more ; for, if it 
should retain only one per cent, a little potassium will be obtained, which 
by combining with the sodium would change its properties in a remarkable 
manner, as will farther appear below(80) ; the purity of the soda is tried, 
in the common mode, by the muriate of platina. There is a certain mode 
of obtaining soda free from potash — that is, by extracting it from that 
which is obtained by the calcination of the sulphate of soda with charcoal 
and chalk. But, as this soda contains much sulphur, it would not be en- 
tirely freed from it, merely by treating it with lime and alcohol. It is 
necessary previously to boil it with a sufficient quantity of the black ox- 
ide of manganese in powder. In this way the whole of that portion which 
is in the state of sulphuret is changed into sulphate ;f when this change is 
finished, which i9 discovered by tasting the liquor which no longer indi- 
cates sulphur, or, by saturating it by nitric acid, and dropping in acetate 
of lead, which should no longer produce a brown cloud, the soda is extract- 
ed in a very pure state by means of lime and alcohol. 

79. The preparation of sodium requires a still higher degree ofheatthatl 
potassium ; for this reason the soda must pass only very slowly through 
the iron ; when these conditions are observed, the sodium is collected, like 
the potassium, in the end ( 'D, and in a great measure in the recipient GG, 
HII, where it congeals ; it is extracted, purified, and preserved in the same 
manner as potassium. If the fire has not been sufficiently strong, the soda 
would obstruct the end D, and would contain at most but a few portions of 
sodium, which it is very difficult to extract. 

80. When we have not a bellows sufficiently good to produce the degree 
of heat, which the preparation of sodium requires, the operation may be 
modified as follows : in. place of pure soda it is necessary to use soda con- 
taining so small a proportion of potash, that its combinations with acids are 
scarcely troubled by muriate of platina ; by this means sodium is obtained 
alloyed with a little potassium. The alloy is solid, brittle and crystallized ; 
it is introduced in the form of plates into the oil of naptha and the air of 
the vessel is suffered to renew itself from time to time ; by little and little 
the potassium is destroyed and we perceive that the sodium is pure, when 
it has become ductile and it is fusible at 90° and not at 80°, 70°, &c. as be- 
fore (90 & 92.) If the soda contained only five or six per cent of potash the 
alloy will be liquid at the common temperature, and then the oil, not be- 
ing able to penetrate between the molecules, cannot destroy the potassium 

* 100 parts of soda, prepared by alcohol, still retaiu 25 parts of water after being luelted at a 

red In I'- 

f This process may be turned to account in certain manufactories where the sulphuret of soda 
U injurious, toil where, fortius reason, the soda of commerce cannot be u«d « 

vantage. 
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or only very slowly. Thus when this method of preparing sodium is U3ecl, 
we ought to conform strictly to what has been said in the beginning of this 
article upon the nature of soda. 

81. We do not doubt that several other metals, have, like iron, the prop- 
erty of producing potassium and sodium with potash and soda. Such are 
especially manganese and zinc. Nevertheless we cannot substitute them for 
iron in the preparation of these two metalloids, because the fust is too dif- 
ficult to be obtained, and the second is too fusible and too volatile. 

82. It appears to us equally proved that charcoal has this property - f but 
here, phenomena occur worthy of observation and examination. When a 
mixture of charcoal and pure potash or soda, or even their carbonates, is 
placed in a porcelain tube, one of whose extremities is closed, and the other 
has adapted to it a tube of glass plunged in water to prevent the access of 
air, neither potassium nor sodium is obtained with any degree of heat and 
nothing is disengaged except inflammable gases. The results will be still 
the same if we suppress the open tube. If, however, when the heat is very 
high, a rod of iron or copper is plunged into the tube, and withdrawn, after 
remaining there a few seconds, it will be covered here and there with small 
particles of potassium and sodium, which can be separated and preserved 
in oil, and this appearance will recur many times in the course of the ope- 
ration. How shall we explain this last fact which happened to Mr. Cur- 
raudau, and which we stated with the first which we observed ? It may be 
done in a very simple way. The gaseous oxide of carbon and the oxy-carbu- 
retted hydrogen gases do not attack potassium and sodium in the cold, nor 
at a very high temperature, but totally destroy them at a heat which is near- 
ly cherry red ; consequently if when these bodies are all at a very high tem- 
perature they are permitted to cool slowly, there will necessarily be a period 
when the potassium and sodium will be burnt ; this happens in the firstexper- 
iment ; but, if, on the contrary they are made to cool suddenly, their com- 
bustion will be only partial, and this evidently happens in the second ex- 
periment. Thus the rod which is used in the porcelain tube acts as a re- 
frigerating body. It thence results that the greater part of (he potassium, 
and sodium produced are lost, and that very little is obtained. 

83. Hydrogen gas, being a very combustible body we ought not to neg- 
lect bringing it into contact with potash and soda, in order to ascertain 
whether it can transform them into potassium and sodium. We have use* 
sometimes iron and sonetimes porcelain tubes ; these tubes contained the 
alkali and the hydrogen gas was passed through. In all cases, we have ob- 
tained negative results ; it is probable that this inaction of hydrogen gas 
upon the alkalis arises on the one hand from the circumstances in which 
it is placed, and on the other from the fact that these bodies cannot be 
changed into metallic bodies, except when they are deprived of water. But, 
the hydrogen cannot remove that which they contain ; consequently its ac- 
tion upon them ought to be negative. This case is altogether different from 
that, where, being treated with carbon or iron, sodium is obtained ; for, in 
the latter case, all the water of the alkali is volatilized or decomposed by 
the iron and carbon. (We have observed that in the preparation of potassi- 
um a little water is constantly disengaged.) Potassium and sodium cannot 

• therefore be formed in the first case although they are formed in the second 
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Experiment. 


Potash used. 


Potassium obtained. 


Potash remaining 
in the part of the 
tube B' C. 


1st 

2d 


70. grammes, or 
1081 grains 

81. grammes, or 
125i grains 


15.5 grammes, or 
293.38 grains 

20.2 grammes, or 
312 grains 


39.3 grammes, or 
607 grains 

40.7 grammes, or 
628.5 grains 


REMARKS. 

We attempted to collect the hydrogen gas which was disengaged in 
these two experiments ; but, in both, a little hole formed in the tube, so 
that it was collected only in part, and both potassium and potash were 
lost by means of it. 



Note 16, page 187. Decomposition of Ammonia by heat. 
The decomposition of ammonia by heat, is, by no means, a very easy thing. 
If the ammonia, derived either from the boiling of the liquid ammonia, or 
from the usual mixture of muriate of ammonia and lime, be passed through 
an ignited iron tube, the experiment is fallacious, because the water, which 
always accompanies the gas, is decomposed, and affords abundance of hy- 
drogen, and, in fact, the experiment is nothing but a decomposition of wa- 
ter. If the ammoniacal gas be passed through an ignited tube of porcelain 
or glass, the experiment is then a fair one, but the quantity of gas obtained 
is small. I have urged the heat with forge bellows, till the inside of the 
porcelain tube which I used, was lined with drops of glass proceeding from 
the fusion of the tube, and still obtained only gas enough to evince the de- 
composition, and to enable me to ascertain, that a permanent inflammable 
elastic fluid had been evolved. 

Note 17, page 190. Amalgam of the Base of Ammonia. 

In a communication from Professor Berzelius and Dr. Pontin, to Mr. 
Davv, they informed him, that mercury, negatively electrified', in con- 
tact with solution of ammonia, gradually increases in volume, and, when 
expanded to four or five times its former dimensions, becomes a soft 
solid. 

" And that this substance is composed of the deoxygenated com- 
pound basis of ammonia and mercury, they think is proved ; 1. By the 
reproduction of quicksilver and ammonia, with the absorption of oxygen, 
when it is exposed to air ; and secondly, by its forming ammonia in wa- 
ter, while hydrogen is evolved, and the quicksilver gradually becomes 

free." 

Mr. Daw repeated the experiment of the Swedish chemists, and obtained 
the same results, but, as it required a long time to produce the amalgam 
in tills way, he made the trial in a different manner. 

He made a cavity in a piece of muriate of ammonia; "into this a glo- 
bule of mercury weighing about 50 grains was introduced. The muriate 
was slightly moistened to render it a conductor, and placed on a plate ot 
platina made positive in the circuit of the larger battery. The quick 
silver was made negative by means of a platina wire. The action of the 
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quicksilver on the salt was immediate ; a strong effervescence with n 
heat took place. The globule, in a few minutes, had enlarged to five times 
its former dimensions, and had the appearance of an amalgam of zinc - r 
and metallic crystallizations shot from it, as a centre, round the body of the 
salt. They had an arborescent appearance, often became coloured al 
their points of contact with the muriate ; and when the connection was 
broken, rapidly disappeared, emitting ammoniacal fumes and re-producing 
quicksilver." 

When moistened carbonate of ammonia was used, the appearances were 
the same, and the amalgam was formed with equal rapidity. A black mat- 
ter appeared in the cavity, which was supposed to be charcoal, from the de- 
composition of f carbonic acid ; a similar matter sometimes makes its ap 
pearance in the galvanic operations on potash and soda, and potassium de- 
composes carbonic acid and develops charcoal. 

" When mercury, united to a small quantity of potassi m, sodium, bari- 
um or calcium, was made to act upon moistened muriate of ammonia, the 
amalgam rapidly increased to six or seven times its volume, and the com- 
pound seemed to contain much more ammoniacal basis than that procured 
by electrical powers." 

In describing the properties of the amalgam from ammonia, that procur- 
ed by electrical means is alone alluded to, as that obtained, in the other 
way, r.lways contained a portion of the foreign metal. 

" The amalgam from ammonia, when formed at the temperature of 70* 
or 80°, is a soft solid of the consistence of butter : at the freezing tempera- 
ture it becomes firmer, and a crystallized mass, in which small facets ap- 
pear, but having no perfectly defined form." " Its specific gravity is be- 
low 3, water being 1." " When thrown into water it produces a quantity 
of hydrogen, equal to about half its bulk, and, in consequence of this ac- 
tion, the water becomes a weak solution of ammonia." " When it is con- 
fined in a given portion of sir, the air enlarges considerably in volume, and 
the quicksilver re-appears. Ammoniacal gas, equal to one and a half; or 
one and three fifths of the volume of the amalgam, is found to be produc- 
ed, and a quantity of oxygen, equal to one seventh or one eighth of the am- 
monia, disappears/' "When thrown into muriatic acid gas, it instantly 
becomes coated with muriate of ammonia, and a small quantity of hydro- 
gen is disengaged." 

"In sulphuric acid it becomes coated with sulphate of ammo da and 
sulphur." When the dry amalgam was introduced into naptha it was de- 
composed almost as rapidly as in the air, producing ammonia and hydro- 
gen. In oils it evolved hydrogen and generated ammoniacal soap. 

All the attempts to procure the metal of the ammonia in a separate state 
were unsuccessful ; indeed success could hardly be expected if Mi . Davj 's 
estimation be correct, that "the whole quantity of the basis oi' ammonia 
combined with sixty grains of quicksilver does not exceed die 1-200 part 
of a grain," and, that, "to supply oxygen to this, scarcely 1-lulJ'J part of a 
grain of water would be required." 

I have found a method of obtaining the ammoniacal amalgam, which is 
recommended by Professor Davy, to succeed very well and much better 



NOTES. 379 

tli an the methods by electricity. It is to combine mercury with a small 
portion of potassium, which is easily effected, by a little pressure, with the 
blade of a knife ; this compound, placed in contact with a solution of am- 
monia, soon produces the amalgam, and, it is justly remarked by Professor 
Davy, that " it may be preserved for a much longer time than the amalgam 
formed by electrical powers ; it charges very slowly even under water." 

Mr. Davy observes, that, " the more the properties of the amalgam obr 
tained from ammonia are considered, the more extraordinary do they ap- 
pear." " Mercury by combination with about 1-12000 part of its weight 
of new matter is rendered a solid, yet has its specific gravity diminished 
from 135 to less than 3, and it retains all its metallic characters ; its co- 
lour, lustre, opacity, and conducting powers remain unimpaired." "It 
is scarcely possible to conceive that a substance which forms with mercu- 
ry so perfect an amalgam, should not be metallic in its own nature." 
On this idea, for the convenience of discussion, Mr. Davy calls it ammo- 
nium. 

The existence of a metal in ammonia is rendered highly probable, but 
cannot be considered as demonstrated ; it is certainly very wonderful 
that a gas should have a metallic base, and it is not easy to decide wheth- 
er this base is common to nitrogen and hydrogen, or peculiar to one of 
them. 

" There is no instance known of mercury retaining its metallic charac- 
ters in combination with any other substance than a metal ; and, it seems 
very probable, that, if the matter existing in the amalgam from ammonia 
could be pi-ocured in its perfect form, and could be exhibited as a solid un- 
der pressure, and at a very low temperature, it would appear as an ex- 
tremely light metallic substance. (Davy's Elements.) 

Note 18, page 206. Compound Blow Pipe and Fusibility of the Earths. 

The following account of " experiments on the fusion of various refrac- 
tory bodies, by the compound blow pipe of Mr. Hare," was originally commu- 
nicated to the Connecticut Academy of Arts and Sciences, and has appear- 
ed in their transactions ; perhaps its insertion here, with a few additional 
♦bservations, will not be deemed inconsistent with the design of these notes- 
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A SECTION OF THE PNEUMATIC ClSTERN OF YALE COLLEGE, WITH THE COM- 
POUND Blow Pipe of Mr. Hare, for burning hydrogen mingle* 

WITH OXXGEN GAS. 

E E 




i I....; ,-• .11. f V 

ll ft 

B j C 

So oof 

j i i i i 

2 Feet. 

REFERENCES TO THE FIGURE. 

A AAA. — The pneumatic cistern, filled with water ; for a plate, and full 
description, see the Frontispiece and note 13, page 362. 

B. — A Gas Reservoir, of the capacity of twelve gallons, filled with oxy- 
gen gas, either by the action of the hydrostatic bellows at O, or, by a re- 
curved tube, passing from above, through the water, and hooked under B : 
parallel, and contiguous to B, on the other side of the cittern, is anoth- 
er gus reservoir, of the same capacity, which may be connected with B, or 
not, at pleasure. 

C. — The same, in every respect, only C is filled with hydrogen, by hy- 
drostatic bellows at 00, or by a recu7-ved tube, as above. 

D. — Copper Tubes, half an inch in diameter, furnished with stop cocks 
at/, and inserted into the gas reservoirs B, C. 

E.— Recurved tubes of flexible metal, furnished with double screws at 
F, which connect them with a pair of brass blow-pipes, cut off at G, and 
soldered to two strong cast silver tubes, which screw, air tight, into H, an 
inverted pyramidal piece of platinum, in which two converging ducts as 
large as a pin are perforated, forming a continuation of the tubes, and unit- 
ing in a common passage, somewhat larger, just before their exit, at the 
common orifice below. The subject to be operated upon is sustained 
by charcoal, or forceps, and held by the hand, just below the orifice in the 
piece II. 

The gases at B, C, are under hydrostatic pressure, which is easily re- 
cruited, as the gases run out, either by throwing common air with the bel- 
lows, into one of the spare reservoirs, or, by introducing more of cither of 
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the gases into the appropriate reservoir, and, peculiarly of hydrogen, both 
on account of the facility with which it is obtained, and because twice as 
much of it, in bulk, is wanted, as of oxygen. 

The rapidity of efflux of the gases, and their due proportion, is easily 
regulated, by turning, more or less, the keys of the stop cocks at /, and 
the effects of either gas alone, may be observed, by shutting the stop cock 
lending to the other. 

When the compound flame is desired, the hydrogen is first let out, and 
fired ; the blaze should be somewhat larger than that of a candle ; the ox- 
ygen is then let into the hydrogen till the effect is the greatest, which a lit- 
tle habit will soon ascertain. 

The flame of the hydrogen is very much narrowed, by the introduction 
of oxygen, and there is no appearance of peculiar splendor or heat, till 
some body, capable of reflecting the light and heat, is placed in the focus, 
which is usually about one fourth of an inch below the orifice. 

All the apparatus below FF, is easily detached, by turning the double 
screws ; — the strong silver tubes are intended to prevent fusion of this 
part of the apparatus, and to admit of connection with the platinum piece 
by means of a screw cut on the silver tubes ; this obviates the necessity of 
using a solder, which would be very liable to melt, and, the platinum piece 
is, for a similar reason, substituted for the silver cylinder originally used 
by Mr. Hare, as experience has shewn that these are liable to fusion. 

No flux or addition of any kind was employed in the following experiments. 

Experiments on the Fusion of various refractory Bodies by the compound 
Blow Pipe of Mr. Hare. 
The philosophical world behold with pleasure and astonishment, the ef- 
ects produced on the fusion and combustion of bodies, by a stream of ox- 
ygen gas, directed upon burning charcoal. The splendor of these experi- 
ments arrested universal attention, and Lavoisier, with his gazometer, was 
enabled, in this manner, to produce a degree of heat, surpassing that of the 
most powerful furnaces, and even of the solar focus. Bodies which no de- 
gree of heat, previously applied, had been able to soften, now became fluid, 
and philosophy appeared to have attained the limit of its power in exciting 
heat ; indeed, it seemed to have advanced, very far, towards realizing the 
opinion, that solidity and fluidity are accidental attributes of bodies, de- 
pandent solely on the quantity of caloric which they contain, and that, 
therefore, they may be supposed capable of existing in either of these con- 
ditions. 

Still however, there were, in fact, many important exceptions. Of the 
primitive earths, Lavoisier had been enabled to fuse only alumine — while 
the rest remained refractory, and seemed fully entitled to the character of 
infusibility, usually attributed to this class of bodies : many native mine- 
rals, and especially those which are most distinguished for hardness, beau- 
ty, and simplicity of composition, maintained the same character, and some 
of them refused to melt, even when heated with powerful fluxes. 

The beautiful invention of Mr. Robert Hare of Philadelphia, by which he 
succeeded in burning, with safety and convenience, the united stream of ox- 
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ygen and hydrogen gases, greatly extended our dominion over retractor^ 
bodies, and presented new and very interesting results. Mr. Hare's me- 
moir, originally communicated to the Chemical Society of Philadelphia, 
has been some years, before the public, and has been republished and hand- 
somely noticed, both in France and England. Still however, his results 
have not found their way into the systematical books on Chemistry, (with 
the exception of Mr. Murray's system,) notwithstanding that some of the 
European Professors have availed themselves of Mr. Hare's invention, so 
far as to exhibit his most splendid and striking experiments to their 
classes. 

The writer of this article, although fully disclaiming any share in Mr. 
Hare's invention, was early associated with him in his experiments ; they 
excited in his mind a degree of interest, which led him to hope that they 
would be repeated and extended by others, but, as nothing of this kind 
has appeared in this country, perhaps the following experiments may not 
be altogether uninteresting, especially as they were performed with an ap- 
paratus, of a construction somewhat more simple than the original. 

It will be necessary to recollect that Mr. Hare not only melted alumine, 
which Lavoisier had done before, but also si lex and barytes, and, by subse- 
quent experiments, he added stvontites, to the list of fusible bodies : he was 
inclined to believe that he had volatilized gold and silver, a conclusion 
which was rendered highly probable by his having afterwards evidently 
volatilized platinum. 

The experiments of Mr. Hare, as will appear below, have been repeated 
by the writer of this paper with success, and many other bodies among the 
most refractory hi nature, have been melted. For the sake of shewing how 
far the experiments now to be recited have affected our knowledge of the 
dominion of heat, quotations, for comparison, will occasionally be made, 
from one of the latest and most respectable chemical authorities, viz. Mur- 
ray's System, 2d Ed. 

Bodies submitted to the heat of the compound Bloiv Pipe of JMr. Hare. 
Primitive Earths. 

Silex — being in a fine powder, it was blown away by the current of gas, 
but when moistened with water, it became agglutinated by the heat, and 
was then perfectly fused into a colourless glass. 

Alumine — perfectly fused, into a milk white enamel. 

Birttes — fused immediately, with intumescence, owing to water, as ob- 
served by Lavoisier ; it then became solid and dry, but soon melted again 
into a perfect globule, a greyish white enamel. 

Sthontites — the same. 

Glucixe — perfectly fused into a white enamel. 

Zincox — the same. 

Lime — in small pieces, it was immediately blown off from the charcoal - r 
to prevent this, as well as to obviate the suspicion, thu,. any foreign mat- 
ter had contributed to its fusion, the following expedient was resorted to. 
A piece of lime, from the Carrara marble, was strongly ignited, in a cover- 
ed platinum crucible ; one angle of it was then shaped into a sjnall cylin- 
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der, about one fourth of an inch high, and somewhat thicker than a great 
pin : the cylinder remained in connection with the piece of lime : this was 
held by a pair of forceps, and thus the small cylinder of lime was brought 
into contact with the beat, without danger of being blown away, and with- 
out a possibility of contamination ; there was this farther advantage, (as the 
experiment was delicate and the determination of the result might be diffi- 
cult,) that, as the cylinder was held in a perpendicular position, if the lime 
did really melt, the column must sink and become, at least to a degree, 
blended with the supporting mass of lime. When the compound flame fell 
upon tlie lime, the splendor of the \ight was perfectly insupportable, by the 
naked eye, and when viewed through deep coloured glasses (as indeed all 
these experiments ought to be,) the lime was seen to become rounded at 
the angles, and gradually to sink, till, in the course of a few seconds, only 
a small globular protuberance remained, and the mass of supporting lime 
was also superficially fused at the base of the column, through a space of 
half an inch in diameter. The protuberance, as well as the contiguous 
portion of lime, was converted into a perfectly white and glistening ena- 
mel ; a magnifying glass discovered a few minute pores, but not the slight- 
est earthy appearance. This experiment was repeated several times, and 
with uniform success ; may not lime therefore be added to the list of fusi- 
ble bodies ? 

Mi.nvtT.siA. — The same circumstances that rendered the operating upon 
lime difficult, existed, in a still greater degree, with respect to magnesia ; 
its lightness and pulverulent form rendered it impossible to confine it, for 
a moment, upon the charcoal, and as it has very little cohesion, it could 
not be shaped by the knife as. the lime had been. After being calcined, at 
full ignition, in a covered platinum crucible, it was kneaded with water, 
till it became of the consistence of dough. It was then shaped into a rude 
cone as acute as might be, but still very blunt ; the cone was three fourths 
of an inch long, and was supported upon a coiled wire. 

The magnesia thus prepared, was exposed to the compound flame : the 
escape of the water caused the vertex of the cone to fly off" in repeated 
flakes, and the top of the frustrum, that thus remained, gave nearly as pow- 
erful a reflection of light as the lime had done ; from the bulk of the piece 
(it being now one fourth of an inch in diameter at the part where the flame 
was applied) no perceptible sinking could be expected. After a few sec- 
onds, the piece being examined, with a magnifying glass, no roughnesses 
or earthy particles could be peceived on the spot, but a number of glassy, 
smooth protuberances, whose surface was a perfectly white enamel ; this 
experiment was repeated with the same success. May not magnesia, then, 
be also added to the table of fusible bodies ? 

Yttkia — was the only remaining primitive earth, but no specimen of it 
could be obtained. 

Perhaps then we shall be justified in saying, in future, that tire primi- 
tive earths are fusible bodies, although not fusible in furnaces, in the solar 
focus, nor, (with the exception of alum 'me, and, possibly, bary tes,) even bx 
a stream of oxygen gas directed upon burning charcoal. 

-Pla.ti.vum — was not only melted but volatilized with strong ebul' 
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Various Minerals. 
Rock Crtstal, — transparent anil colourless. This mineral was instant. 
ly melted into a beautiful white glass. " It not only does not melt in the 
focus of the most powerful burning' mirror, but, it remains without fusion, 
at least when in the state of Rock Crystal, in the still more intense heat, 
excited by a stream of oxygen gas directed on burning charcoal." (Mur- 
ray II. 261.) " It is even imperfectly softened by the intense heat, excited 
by a stream of oxygen gas, directed on the flame" (of the blow pipe lamp.) 
—(Ibid. III. 513) 

Common- Quartz — fused immediately into a vitreous globule. 
Gun Flint — melted with equal rapidity ; it first became white, and the 
fusion was attended with ebullition and a separation of numerous small ig- 
nited globules, which seemed to burn away as they rolled out of the cur- 
rent of flame ; the product of this fusion was a beautiful splendid enamel. 
— "It is infusible before the blow pipe, but loses its colour." — (Ibid. 518.) 
Chalcedony — melted rapidly, and gave a beautiful blueish white enamel 
resembling opal. " It is infusible before the blow pipe." — (Ibid. 516.) 

Oriental Carnelian — fused with ebullition, and produced a semi-trans- 
parent white globule with a fine lustre. 

Red Jasper — from the Grampians, was slowly fused with a sluggish ef- 
fervescence ; it gave a greyish black flag with white spots. 

"It is infusible before the blowpipe, even when the flame is excited by 
a stream of oxygen gas." (Ibid. 519.) 

Smoki Quartz— or smoky topaz, melted into a colourless globule. 
Beryl — melted instantly, into a perfect globule, and continued in a vio- 
lent ebullition, as long as the flame was applied, and, when, after the glo- 
bule became cold, it was heated again, the ebullition was equally renewed ; 
the globule was a glass of a beautiful blueish milky white. 

""The beryl is melted with difficulty before the blow pipe alone, but ea- 
sily when borax is added." 

Emerald of Peru. (Ibid. 511.) 

The same, only the globule was green, and perfectly transparent. 
Olitin — fused into a dark brown globule, almost black. " It can scarce- 
ly be melted by the blow pipe withouf addition." (Ibid. 534.) 

Yesvvian — instantly melted into a beautiful green glass. " It melts be- 
fore the blow pipe into a yellowish glass." (Ibid. 534) 

Lei-cite — instantly fused into a perfectly transparent white glass ; the 
fusion was attended with strong ebullition, and many ignited globules dart- 
ed from it and burnt in the air, or rolled out upon the charcoal and then 
burned. Were they not potassium ? This stone contains full 20 per cent, 
•f potash : this hint will be resumed below. 

" It is not fused before the blow pipe." (Murray, 111. 534.) 
Crysoberyl — (Cymophane of Hauy) was immediately fused into a grey- 
ish white globule. " It is not melted by the blow pipe." (Ibid. 499.) 

A crystalltzkt) Mineral — From Haddam, Connecticut, according 
to the Abbe Hauy it is Crysoberyl, others suspect it to be Corundum : it 
fused with ebullition, and scintillations, and produced a very dark globule 
almost black. 
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Topaz — ofSAXowT, melted with strong ebullition, and became a white 
enamel. " It is infusible before the blow pipe, but melts when borax is add- 
ed." (Ibid. 498.) 

Sappar or Kyanite — perfectly and instantly fused, with ebullition, into a 
white enamel. 

" It remains perfectly unaltered before the flame of the blow pipe even 
when excited by oxygen gas." (Ibid. 499.) 

Corundum — of the East Indies, was immediately and perfectly fused, in- 
to a grey globule. 

Corundum — of China, the same, with active ebullition. Corundum "is 
not fused by the flame of the blow-pipe on charcoal even when soda or bo- 
rax is added to it." (Ibid. 495.) 

Zincov — o I' Ceylon melted, with ebullition, into a white enamel. " It is 
not melted alone before the flame of the blow pipe, but if borax is added it 
forms a transparent glass." (Murray, HI. 539.) 

Hyacinth — of Expailly fused into a white enamel. 

" It loses its colour before the flame of the blow pipe, but it is not fused ; 
it melts with borax into a transparent glass." (Ibid. 540.) 

Cinnamon stone — instantly fused into a black globule with violent ebul- 
lition. 

Spinelle Ruby — fused immediately into an elliptical red globule. 
w It does not melt before the blow pipe, but is fused by the aid of borax. 
(Ibid. 497.) • 

Steatite — melted with strong ebullition into a greyish slag. — "It does 
not melt before the blow pipe, but becomes white and very hard." (Ibid. 
482.) 

Porcelain, common pottery, fragments of Hessian crucibles, Wedgwood'* 
ware, various natural clays, as pipe and porcelain clay, fire and common 
fcrick, and compound rocks, &c. were fused with 'equal ease. 

During the action of the compound flame upon the alkaline earths, pro- 
vided they were supported by charcoal, distinct globules often rolled and 
darted out from the ignited mass, and burnt, sometimes vividly, and with 
peculiarly coloured flame. From the nature of the experiments, it will not 
be easy to prove, that these globules were the bases of the earths, and yet 
there is the strongest reason to believe it ; circumstances could scarcely be 
devised, more favourable to the simultaneous fusion and decomposition of 
these bodies ; charcoal, highly ignited for a support, and an atmosphere of 
hydrogen producing vivid and intense ignition ; that the oxygen should be, 
under these circumstances, detached, is not surprising, but the high degree 
©f heat, and the presence of oxygen, necessarily burn up the metalloids al- 
most as soon as produced. If means could be devised to obviate this difti- 
eultv, the blow pipe of Mr. Hare might become an important instrument 
of analytical research. 

We can scarcely fail to attribute some of the, appearances, during tb 
sion of Iheleucite, to the decomposition of the potash it contains. 

This impression was much strengthened by exposing potash and sod 
the compound flame, with a support of charcoal; they were evidently de- 
composed; numerous pfto&ules rolled out from them, and biirttt 
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with the peculiar vivid white light, and flash, which these metalloids ex- 
hibit, when produced and ignited in the galvanic circuit. It is hoped that, 
these hints may induce a farther : nv stigation of this subject. 

The experiments which here now been related in connection with the o- 
rignal ones of Mr. Hare, sufficiently shew that science is not a little in- 
debted to that gentleman for his ingenious and beautiful invention. — It was 
certainly a happy thought, and the result of very philosophical views of 
combustion, to suppose that a highly combustible gaseous body, by inti- 
mate mixture with oxygen gas, must, when kindled, produce intense heat : 
and it is, no doubt, to this capability of perfectly intimate mixture, between 
these two bodies, that the effects of the compound blow pipe, are, in a. 
great measure, to be ascribed. 

Many of the experiments with the compound blow pipe of Mr. Han 
admirably adapted to exhibition at a lecture, and among them none 
more striking than those which exhibit the combustion of the meials. 
These bodies all enter into combustion with variously coloured flames, 
which are particularly beautiful in the case of copper, and silver and gold. 
Professor Davy has recently shewn, that the heat produced by the most 
powerful galvanic combinations is not inferior to that generated by the 
compound blow pipe, since he was able to melt even lime, magnesia and 
sapphire, by this agent ; he also volatilized or dissipated carbon and dia- 
mond, but they exhibited no appearance of fusion. 

There is now in all p^babilit}' no body, except some of the combustible 
ones, which is exempt from the law of fusion by heat. If the primitive 
earths, and such minerals, as several of those which have been mentioned, 
above, are fusible, no doubt can be entertained that all other mixUires and 
combinations of earths arc fusible also ; for such mixtures and com- 
binations are known to be usually more fusible than the primitive- 
earths ; the metals are more fusible than the earths, and the diamond, a- 
long with carbon in its other purest forms, appears to be really the only 
exception ; and it is probable that this is only a seeming one, for, it is 
scarcely possible to expose these bodies to the heat of the compound blow- 
pipe, without at the same time burning them : could the heat be applied 
without exposing them to the contact of oxygen, is it not probable that 
they also would be added to the list of fusible bodies ? 

Note 19, page 207. Acid Tests. 

As litmus cannot be usually procured in the shops of this country, it will 
be well to mention that the infusion or tincture of almost all the blue or 
purple flowers and vegetables, will answer sufficiently well. The blue vi- 
olet, the blue lily, and especially the blue or purple cabbage, being boiled 
with water in a tea-kettle afford an infusion, which when filtered or strained 
fbrms an excellent test of acids. The purple cabbage is particularly recom- 
mended, both because it is a good test, and because it can be procured at 
that season ot the year when there are nc flowers. It is also i;n excellent 
test of alkalis which turn it green. A very pleasing succession of colours 
may be exhibited by this infusion. 

1. Acids turn it red. 
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2. Alkalis, if added in such proportion as merely to saturate the acid, re- 
store the purple colour. 

3. A little more alkali turns it green. The reverse ord pur. 
sued, beginning with the alkali and ending with the acid. Thg^fusion of 
the skin of the blue or purple radish is a good test, and that oTOe leaf of 
the red beet an indifferent one. All these infusions may be preserved from 
putrefaction by the addition of common spirit, but, they ultimately lose 
their colour. Indigo is not changed red by acids. It is even dissolved in 
the sulphuric acid, for the purposes of dying. 

Note 20, page 211. Charcoal. 
Charcoal may be neatly prepared for exhibition, by plunging pieces of 
wood, held by tongs, beneath a quantity of melted lead. In this case, there 
can be no access of air, and the wood will, if the pieces be small, be con* 
verted, in a few minutes, into charcoal, while the lead will be thrown into 
violent ebullition, by the escape of the water, hydrogen, and other volatile 
parts. The hydrogen is so abundant, that it may even be set on fire as it 

issues from the lead. 

4 

Note 21, page 226. Carbonate of Soda. 
It is the solution of this salt combined with a prodigious quantity of car- 
bonic acid forced into union with it and retained by strong mechanical com- 
pression, which constitutes the soda water, so much used for acidity in the 
stomach and other complaints. 

Note 22, page 136. Coal. 
The author means fossil coal ; charcoal is also commonly called coal in 
this country, and, although it affords abundance of gas by distillation, it 
gives no tar. In obtaining the carburetted hydrogen gas from fossil coal, it 
is indispensable that the vessel be not nearly full of the coal ; otherwise it 
will be in danger of bursting on account of the inflated state into which the 
heat throws the coal. 

Note 23, page 239. Crystallization of Sulphur. 
The crystallization of sulphur is easily effected by melting it in a deep 
earthen vessel, and pouring out the part which remains fluid, by piercing a 
hole, near the edge of the vessel, in the crust which forms on the surface, 
when the instrument is withdrawn from the fire. 

Note 24, page 253. Sulphate of Lime. 
In this country the sulphate of lime, under the name of the plaster of Pa- 
ris, is extensively used, as a manure, and is constantly becoming more ail* 
more important to our agricultural interests. It is brought to the United 
States principally from Nova Scotia, and is a regular article of commerce in 
our sea port?, whence it is carried into the interior, and recently, it has 
bund in abundance in the western parts of the state of New York, par- 
ticularly near the Onondago salt works. What is the true theory of the 
salt as :i manure : This question has not, as yet, beer, s-f- 
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isfactorily am>«. ered. It cannot however admit of a doubt that the quu« 
tion is of much importance, as it could not fail to direct the application ot 
this substance by principle, whereas, it is now left to empirical practice. 

A coi^aon impression, that the effect is produced by the attraction of 
water, flWanifestly erroneous, tor this salt discovers very little disposition 
to attract water, and if water is found on it in the field, it is probably because, 
like other stones, it conducts heat much better than earth and grass, and 
therefore condenses the aqueous vapour of the atmosphere. 

In order to a skilful investigation of this subject, plants should be made 
to grow in an insulated portion of earth, of a known composition, mixed 
with a given weight of the sulphate of lime, and, after the plant had arrived 
at maturity it should be accurately analyzed, as well as the earth in which 
it grew, in order to ascertain, 

1. "Whether any portion of the sulphate of lime could be found in the 
vegetable. 

2. If not, whether any portion of its elements, sulphur, oxygen, or lime, 
could ! e discovered. 

3 Whether the soil contained any portion of the salt undecomposed, or 
of its elements, and how much, and whether any new combinations of the 
salt, or of its elements, with any matter present in the soil or vegetable, had 
been effected. 

4. As a standard of comparison, otjier individuals of the same kind of 
vegetables, which have grown in an equal portion of the same soil, unmixed 
■with the plaster, should be examined in the same manner, as well as the 
soil, after the plant had arrived at maturity. 

By experiments of this kind sufficiently multiplied, and performed with 
the requisite care, we might hope to arrive at satisfactory results. If such 
experiments have been undertaken, the writer lias not met with them. 

There is another practical application of this substance, which is howev- 
er not equally important. It is employed, after having been calcined and 
pulverised, to copy busts and statues, and even the countenances of living 
people. It is formed into a pa.ste, which is applied to the subject ; the 
paste soon hardens and forms a mould, in which a plaster cast exactly re- 
sembling the original may be formed. In this way the plaster of Paris is 
highly important to the imitative arts, which have, without doubt, an inti- 
mate connection with a highly improved state of society. 

J\ "ote 25)' page 274. Nitrous Gas and Oxvjen Gas produce .Yitrous Acid. 
The ion of an acid is much more strikingly shewn by filling a 

wide tube, or narrow jar, with almost any blue vegetable infusion. Turn 
, i: t a portion of oxygen g-.s, and no change v. ill ensue. Add the proper 
fJbpo;-t ion of nitrous gas ; immediately on its coming in contact with the 
pxyg'eii.g'us, deep red fu»es of nitrous acid will appear, and the liquor will 
become red. 

T.: - to be a gas, when confined in a glass vessel, 

:' die con ace of any other body. This maybe demonstrated in the 
iwing manner. : 

13s bottle be ground with emery, into the, mouth of another of 
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twice the capacity. Fill the upper bottle with oxygen gas, in the usual 
manner, and the lower one with nitrous gas. Place the two bottles, as 
quickly as possible, in connection. The gases will combine, caloric will 
oe extricated, and the vessels will be filled with the red gas of nitrous acid, 
which may, in this manner, be kept for any length of time, unchanged. On 
separating the bottles, and immersing their orifices in water, there will be 
an immediate absorption, and if a blue infusion have been employed, it will 
become red. 

Note 26, page 280. JVitrous Oxide 
If the gas be skilfully prepared, the precaution of letting it stand several 
hours over water seems to be unnecessary, and, it is very desirable to avoid 
it, because a pretty rapid absorption takes place, and much gas is thus lost. 
The writer has not hesitated to administer it for respiration within half an 
hour from its production and sometimes immediately, and no unpleasant 
consequence has ever resulted. So far as nitrous gas is concerned, no ad- 
vantage is gained by letting it stand, for if this be present, its proportion 
will rather increase from the more rapid absorption of the nitrous oxide. 
And indeed a very coarse trial is sufficient to decide whether nitrous gas be 
present, which will be detected by the smell and colour of nitrous acid, which 
it will produce on mixing it with common air by turning up a jar. As to 
any vapour of nitrous acid which may have been extricated, this will, no 
doubt, be absorbed by the water, in the various operations preparatory to 
the* respiration of the gas. 

Note 27, page 294. Acid Gases, &c. 
There is a method of obtaining the gases, which water raprdly absorbs, 
v, ilhout the aid of a mercurial apparatus. It is founded on the difference b< 
twecn the specific grarvity of these gases and that of common air. 

1. Muriatic acid gas, whose weight is nearly twice that of common air, 
may be obtained as follows : 

To the mouth of a Florence flask adapt a cork, in which is fixed a glass 
tube, bent twice at right angles. Place in the flask the materials for af- 
fording muriatic acid gas, viz. common salt and sulphuric acid, and having 
adjusted the tube, let one end of it be inserted into a narrow-mouthed emp- 
ty bottle or vial, and let the orifice of the tube descend quite to the bottom 
of the bottle or vial. The muriatic acid gas, from its great weight, will oc- 
cupy the lower portion of the vessel, and expel the common air at the mouth. 
Thus the gus will be obtained sufficiently pure for exhibiting its most ob- 
vious properties. 

In the same manner, precisely, the sulphurous acid gas and the fluoric 
acid gas may be obtained. 

2. The ammoniacal gas, being lighter than common air, is to be obtained 
•>pon the same principle, only reversing the arrangement. 

The materials for affording this gas, viz. quick-lime and muriate of am- 
monia, being placed in a flask, instead of a tube twice bent, employ a straight 
tube passing, as before, through the cork. Invert the vial- or bottle apon 
this tube, so that the orifice of the tube may be in contact with the bottom. 



390 VOTES. 

of the bottle, which is now its highest part. The ammoniacal gas will rise 
and expel the common air, as in the other cases, only the order will be re- 
Versed. 

It may be decided when the vessels are about filled with the gases, by 
the pungency of the smell, by the mist produced by the muriatic and flu- 
oric acid gases, at the mouth of the vial, and perhaps better than all by the 
copious white cloud which all the acid gases produce, when a feather, dip- 
ped in liquid ammonia, is brought to the mouth of the vial, or by the oc- 
currence of the same phenomenon, in the case of ammoniacal gas, when 
the feather is dipped in muriatic acid. 

Note 28, page 301. Muriate of Ammonia. 
This salt may be formed by mingling the constituent gases in a two.* 
Hccked receiver, as they issue from two retqrts, in the manner recommend- 
ed by the authov for the carbonate of ammonia. 

Nntc 29, page 306. Oxymuriatic Acid or Chlorine. 
A very active controversy lias been, for some time, carried on, respecting 
the nature of the body which is denominated, in the French nomenclature, 
oxygenized muriatic acid gas. When that nomenclature was framed, the 
body in question was supposed to be a compound of oxygen, and an acid 
Avhose composition was unknown, namely, the muriatic. This acid, from 
its strong resemblance, n its most important properties, to several others 
nlo die composition of which oxygen had been proved to enter, was sup- 
posed, from the be^t analogical reasons, to contain the same principle unit- 
ed, as in the case of those acids, to some combustible body, which combus- 
tible was thus, by the. oxygen, converted into an acid. This view of the 
subject, as it rested altogether on analogy, it was foreseen, might prove 
erroneous ; but it seemed very clear, that whatever might ultimately prove 
to be the composition of muriatic acid, it was capable of combining with 
oxygen, and of assuming, in consequence of that union, new and peculiar 
properties ; to this new body the name of oxygenized muriatic aicd seemed 
to be given, with propriety, as a simple declaration of matter of fact. Noth- 
ing, for instance, seemed clearer, when this body was obtained by mixing 
muriatic acid and the oxides of lead, quicksilver, or manganese, than 
that oxygen was transferred from these metallic oxides to the muriatic a- 
cid, and it seemed equally clear, when the same agent was obtained by a 
mixture of common salt, and diluted sulphuric acid, with either of the me- 
tallic oxides mentioned above, that oxygen was the agent which imparted 
the new and remarkable properties. On the contrary, when the oxygenized 
muriatic acid was made to act on various bodies, its agencies were gener- 
ally such us might be supposed to .rise from oxygen ; this was particularly 

;ase with respect to the combustible bodies, and the metals, during it6 
action en which, the usual phenomena of combustion were exhibited, and 

lar products, to those which combustion generates, were supposed to be 
d. It was considered rs a full confirmation of these views, that oxy- 

gaswas givi ion of the sun's light upon liquid oxy- 

ic is'A, r-j: ! every other instance, wherp 
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the oxygenized muriatic acid was supposed to undergo decomposition, that 
muriatic acid remained after the action was over. 

These views have been, within three or four years past, called in ques- 
tion by Sir Humphrey Davy, who contends, that there is no proof that 
oxymuriatic acid contains oxygen, and that, therefore, this name is improp- 
er ; and he therefore substitutes for it Chlorine, in allusion to the green 
colour of this gas. This name, considered merely as a name, is certainly 
preferable to the other, which is long, harsh, and inconvenient, especially 
in combination, and, as Sir Humphrey Davy's proposed r?me implies no 
theoretical views, is founded on a sensible property, and is short and agree- 
able, no other objection can be urged against Us adoption, than the incon- 
venience of frequent changes. Sir Humphrey Davy contends, that chlorine 
(to use his term) is, for any thing that appears, a simple body, and that, 
so far from being composed of muriatic acid and oxygen, muriatic acid it- 
self is composed of chlorine and hydrogen ; he allows, that it is possible 
chlorine may contain oxygen, but says, that no fact, hitherto discovered,, 
evinces it. He does not lay claim to the discovery as original ; he says he 
has only revived the original idea of Scheele, the discoverer of the body in 
question f he called it dephlogisticated marine acid ; viz. he did not sup- 
pose, that, in the formation of this body, any thing is added to the muriatic 
acid, but that something is taken from it ; namely, phlogiston ; Davy, for 
the ideal existence, phlogiston, substitutes the real inflammable hydrogen,. 
and, in all those processes in which chemists had supposed oxygen to be 
added to muriatic acid, he supposes hydrogen to be taken away, and, thus, 
according to him, the chlorine or oxymuriatic acid is merely evolved, and 
set free from- its combination with hydrogen in the muriatic acid ; accord- 
ing to the generally received opinion, it is formed by the union of muriatic 
acid and oxygen. My object in this note is to give the student a distinct 
apprehension of the principal points of this controversy, rather than to enter 
into a full discussion of the subject, which would require a great extent of 
statements and reasoning. The nature of the controversy, and its principal 
merits can be concisely exhibited ; those who would see it discussed more 
at large, must consult the original papers of Sir Humphrey Davy and 
brother, and the able answers of Mr. Murray, and also of some of the 
.French chemists ; the most important papers may be found in the more 
recent volumes of Nicholson's Journal. 

When oxymuriatic and hydrogen in equal volumes, are mingled both in a 
dry state in a glass vessel, they, after some hours, disappear, and leave 
nothing but muriatic acid gas ; this Sir Humphrey Davy considers as a. 
direct synthetical formation of muriatic acid; while, according to the other 
view, the oxygen of tlie oxymuriatic acid combines with the hydrogen t© 
form water, while the muriatic acid is liberated, and the water which is 
formed, enters into combination with the muriatic acid, being necessary te- 
its existence in the gaseous state. In this way is explained the fact, that the 
muriates, e. g. of lime and soda, cannot, if perfectly dry, be decomposed by 
the vitreous phosphoric or boracic acid, or the acidulous phosphate of lime^ 
or the dry sulphate of iron, even with tlie temperature of ignition ; but, if 
a little water is added, the decomposition prgceeds rapidly, and muriatic 
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acid gas is obtained in abundance. Davy contends, iliat tlie muriate* (u jtf» 
the exception of muriate of ammonia) in a perfectly dry state, such as re- 
sults from ignition, do not contain muriatic acid, but consist of chlorine 
united to a metallic base, e. g. muriate of potash is chlorine and potassium, 
muriate of lime is chlorine and calcium, muriate of soda, chlorine and sodi- 
um, &c. and the chlorine is not separated by the affinity of these vitreout, 
acids ; but \vh n racist acids arc employed, then the water with which the} 
are mingled affords hydrogen to the chlorine, and the two combine and form 
muriatic acid, -■ hile the oxygen of the water unites with the metallic basis 
of the salt, and converts it into an oxide, which then forms a salt with the 
decomposin?; acid. In the ennmon processes for obtaining oxygenized mu- 
riatic acid gas, according- to Sir Humphrey Davy, the oxygen of the metal- 
lic oxide, e. g. of manganese, lead, or quicksilver, merely detaches the hy- 
drogen and forms water, while the chlorine is set at liberty. 

According to him, during the action of chlorine on combustible bodies 
and metals, these bodies are not converted into oxides, but new and pecu- 
liar compounds of chlorine, and these bases are obtained ; acids, in some 
instances, and in others, bodies analogous to oxides. 

" The substances formed by the action of oxymuriatic acid on inflamma- 
bles, or metals, contain neither oxygen nor muriatic acid, but are compounds 
r>? the inflammable, or metal, with the oxymuriatic principle. The same 
compounds are formed by tae action of muriatic acid gas on these bodies, 
hydrogen being evolved from the supposed decomposition of the acid; and 
they ire also formed by the action of the acid on the oxides of these bodies, 
Wttteu being produced by the combination of the oxygen of the oxide, with 
•diogen of the acid When they are acted on by water, they are con - 
d into muriates, the hydrogen of the water uniting with the oxymuri- 
atic acid, and converting it into muriatic acid, while the oxygen of the wa- 
ter combines with the inflammable or metallic base. And when the water 
. celled by heat, the reverse changes take place ; the hydrogen again 
ies with the oxygen, forming water, which is dissipated, while the in- 
Afcmmable or metallic matter remains in union with the oxymuriatic acid." 
.Murray's Supplement.) > 

, as he imagines, chlorine is, like oxygen, a supporter of combustion 
and an acidifying principle; it acts tbe part of an acidifier distinctly in the 
case of hydrogen with which it form smuriatic acid, and it acts as a sup- 
r of combustion in all cases where it acts at all on combustible bodies. 
Thus the simple view of combustion and acidification, which was before en- 
ertained, in which oxygen was believed to exert an undivided sway over 
combustible matter, is destroyed, and a double dominion is exercised by two 
supporters of combustion and two acidifiera. 
It has been stated that oxygen gas is liberated when liquid oxymuriatic 
is exposed to the sun's light, and muriatic acid remains ; no decompo- 
sition of oxymuriatic acid is obtained, when the dry gas is exposed to the 
.-:n's light, or passed through an ignited tube, but, in either case, the pro- 
of water causes the extrication of oxygen gas, and muriatic acid is 
obtained. According to the opinion of Sir Humphrey Davy the whole ef- 
dependa on the water which affords hydrogen to the chlorine to 
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Vert it into muriatic acid, while, the other constituent of the water, the ox- 
ygen, is liberated, and, in general, Davy contends that oxygen cannot be ob- 
tained in any experiments upon chlorine, except where bodies are concerned 
which are known to contain oxygen. 

Instances tending to illustrate this controversy might be multiplied to a 
much greater extent, but, perhaps, it is not necessary ; it must be apparent 
from these examples, that the phenomena admit of explanation upon either 
theory, and perhaps no example can be found m chemistry, where a double 
explanation can be given, of a greater diversity of phenomena, with so much 
facility, and apparently in so complete a manner. There are, however, some 
facts, which are not easily explained, upon the hypothesis of Sir Humphrey 
Davy. Among these is the very fact, which, as he informs us, first led him 
to doubt of the truth of the common views, as to the nature of oxymu- 
riatic acid ; I allude to the non-action of chlorine upon carbon ; as long as 
the carbon is moist, there is an action admitted by both theories, but it 
arises from the water, or from hydrogen ; when the carbon is perfectly dry 
and free from hydrogen, there is no action between chlorine and it, even at 
the temperature of ignition, or even of whiteness, as has been evinced by 
the powerful galvanic battery of the Royal Institution. Mr. Murray re- 
marks, with great force, that this fact admits of no explanation at all upon 
Sir Humphrey Davy's hypothesis, for, if chlorine is a principle of combus- 
tion, why should it not burn carbon ? while Mr. Murray contends, that it 
is well explained upon the common view, thus ; oxymuriatic acid is never 
decomposed so as to give free muriatic, unless water or hydrogen be pres- 
ent, because muriatic acid cannot exist in the gaseous state without water 
to enter into combination with it ; as long therefore as water or hydrogen 
remains in the charcoal, water is evolved, or formed, and muriatic acid is 
liberated, and this liberation ceases when these bodies are wholly expelled. 

This condition is not necessary when oxymuriatic acid acts upon bodies, 
with the oxidated product of which muriatic acid can combine, because it 
then passes into combination, and not into a gaseous state, and carbon is 
the only example of a combustible body with whose oxidated product mu- 
riatic does not combine ; thus it combines with the oxides of all the metals 
and with the sulphuric and phosphoric acids, &c. but it does not combine 
with the carbonic acid or with the gaseous oxide of carbon. The validity 
of this reasoning, it is true, depends upon the fact, that muriatic acid con- 
tains water, and cannot exist in the gaseous state without water. The acid 
. generally are allowed to contain water, and its liberation when they 
enter into combination, is allowed td be sufficient evidence of the fact ; 
but Sir Humphrey Davy objects to this conclusion in the case of muriatic. 
acid, because he conceives, that the water which appears, is formed by the 
hydrogen of the muriatic acid combining with the oxygen which is, in most 

nces, known to be present in the salifiable bases, c. g. the fixed al. 
and alkaline earths, and the metallic oxides. 

To bring this question to a decision, Mr. Murray proposed the following 
trial. Aim ims no oxygen, and cannot, therefore, form water by 

acting on ther hydrogen of muriatic acid; ifamifi 
as, both in the driest possible -' 

Vol. I. 50 
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ing salt ought not to afford any water, and if it does, it must be regarded 
as- proof, that muriatic acid gas contains water. Sir Humphrey Davy ad • 
mitted the validity of the reasoning, but both he and his brother disagreed 
with Mr. Murray as to the result of the experiment ; Mr. Murray obtained 
water by heating the muriate of ammonia formed as has been described, 
but the Davys obtained little or none. I am informed, however, by a letter 
from Mr. Murray, that Sir Humphrey Davy has since performed the experi- 
ment with Dr. Hope at Edinburgh, and obtained a considerable quantity of 
water, and that Mr. Murray, in a more recent experiment, has obtained still 
more. 

There is another point in this controvery which is important. If carbonic 
oxide, or gaseous oxide of carbon, be mixed with oxymuriatic acid, both 
perfectly dry, there is no action, and the gases are recovered unchanged ; 
if water is admitted, then carbonic is formed, and muriatic acid also appears ; 
it is obvious, however, that the fact admits of explanation on either theory, 
for the oxygen which converts the carbonic oxide into carbonic acid may 
be supposed to be derived, either from the water, or from the oxymuriatic 
acid ; if it can be proved to be derived from the latter, the controversy 
will be decided. Mr. Murray, with his usual ingenuity devised the fol- 
lowing experiment, to decide this point. He mixed "equal measures 
of carbonic oxide and hydrogen gases with two measures and a half 
of oxymuriatic ac'.d gas, each previously dried, exposing the mixture 
to light;" after 24 hours the peculiar colour of the oxymuriatic gas 
had disappeared, more than half the gas was instantly absorbed by 
water, and was muriatic acid gas, and the residuary gas copiously 
precipitated lime-water, and was carbonic acid. In this experiment it 
seems difficult to avoid the conclusion that the carbonic oxide was con- 
verted into carbonic acid by oxygen derived from the oxjTnuriatic acid, 
while another portion of oxygen from the same source combined with the 
hydrogen to form the w?+er necessary to combine with the muriatic acid. 
The answer which has been given by the Davys, to this experiment, may 
be found in the supplement to the second, edition of Murray's chemistry ; 
our limits will not allow of its introduction, especially as it does not appear 
satisfactory, and " the production of carbonic acid from carbonic oxide by 
the action of oxymuriatic acid" appears fo be established. 

On the whole, although the hypothesis of Sir Humphrey Davy is very in- 
genious, and his researches on this subject are highly interesting and in- 
structive, there does not as yet appear to be sufficient reason to reject the 
old view of the subject ; there is however much ground for doubt and in- 
quiry, and these will probably in the end establish the truth. 

Ji'otc 30, page 310. Super- Oxymuriate of Potash. 
As caustic potash is expensive when purchased, and troublesome to pre- 
pare, it may be well for the student to know that the carbonate of potash, 
as commonly found in the shops, will do for the formation of the super- 
ex.} muriate. In this case there is a continual effervescence, at least during 
the earlier stages of the process, owing to the disengagement of carbonic 
:,cid gas. Some silex is also depositee, derived from the potash which, as 
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it is found in commerce, usually contains a portion of silex. One who had 
never observed the fact before, might mistake this for a deposition of the 
salt in question. 

Note 31, page 327. Fluoric Acid. 

Ever since the time of the illustrious Scheele, the discoverer of fluori* 
acid, chemists have been acquainted with some remarkable properties of 
that body, especially with its power of corroding' siliceous bodies, and even 
of suspending silex in permanent gaseous combination. By recent discov- 
eries, it appears however, that we were but very imperfectly acquainted 
with the peculiar characters of this body as an acid. Its properties appear 
to have been, in some degree, veiled, in consequence of its strong disposi- 
tion to combine with silex, which had prevented its being obtained pure, 
and, also, in consequence of its volatility, which had prevented it from be- 
ihg fully concentrated. 

If fluor spar " in fine powder, is, mixed with oil of vitriol and distilled 
in retorts of silver or lead, connected with receivers of the same metal, ar- 
tificially cooled, an intensely active fluid is produced. It has the appear- 
ance of sulphuric acid, but, is much more volatile, and sends off white 
fumes when exposed to air. It must be examined with great caution, for, 
when applied to the skin, it instantly disorganizes it, and produces very 
painful wounds. When potassium is introduced into it, it acts with intense 
energy upon it, and produces hydrogen gas and a neutral salt ; when lime 
is made to act upon it, there is a violent heat produced, water is given off, 
and the same substance as fluor spar is produced. When it is dropped in- 
to water a hissing noise is produced with much heat, and an acid fluid, not 
disagreeable to the taste, is formed, if the water be in sufficient quantity. 
It instantly corrodes and dissolves glass." (Davy's Elements.) 
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